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ABSTRACT 
A fundamental understanding of the physical and chemical proper-
ties of substances can be gained through a knowledge of the electronic 
structure of the substances. The complexity of the electronic structure 
for polyatomic molecules necessitates a combined attack by the use of 
quantum mechanics and special tools in electronio spectra. The added 
information that can be gained by the use of polarized radiation and 
oriented molecules is the key to the interpretation presented here for 
the nitrite ion and some similar substances studied in relation to the 
nitrite ion. 
Quantum mechanical calculations using the linear combination of 
atomic orbitals approach and sp 2 hybrid atomic orbitals were made for 
the nitrite ion. An attempt was also made to refine this approximation 
by the use of valence state ionization potentials for oxygen and nitrogen. 
The results obtained from these oaloulatins have been compared with 
energy level schemes suggested by other authors and certain modifications 
are suggested. 
Single crystals of sodium nitrite were grown, from aqueous solu-
tions of the salt. Thin natural crystals yielded absorption spectra for 
radiation polarized parallel to the C 27 axis of the ion and perpendicular 
to the ion. A large crystal was out and polished to about thirty microns 
thickness for the absorption spectrum of radiation polarized parallel to 
the oxygen-oxygen internuclear direction. The crystals were oriented by 
inspection under a polarizing microscope with the aid of liquids with 
their refractive indices the same or almost the same as one of the 
indices of the crystal. 
The source of radiation used was a two and a half kilowatt hydrogen 
discharge tube. The crystal was placed in a collimated beam from this 
source and carefully oriented with respect to the beam and a Wollaston 
polarizing prism. With the Wollaston prism two spectra polarized at 
right angles to each other were recorded at the same time. 
The spectra of sodium nitrite and silver nitrite crystals were 
recorded at liquid nitrogen temperature and at room temperature. in 
addition the spectrum of ethyl nitrite was recorded as a gas and spectra 
in solutions were determined for nitromethane in acidic and neutral 
ethanol, sodium nitrite in basic and acidic water, and ethyl nitrite in 
hexane, neutral and acidic ethanol, and neutral and acidic water. These 
measurements and measurements reported elsewhere for nitrous acid, nitryl 
chloride, nitrosyl chloride, nitrogen dioxide, dinitrogen tetroxide, ozone, 
and the nitrate ion were compared. The results of the quantum mechanical 
calculations and the experimental findings were correlated and interpreted 
as outlined below. 
The absorption bend of sodium nitrite which has its maximum near 
3500  A appears to have an origin at 3851.4 A and absorbs radiation 
polarized such that the electric vector vibrates perpendicular to the 
plane of the nitrite ion. This absorption is believed to be due pre-
dominately to a transition in which one of the unshared electrons in an 
orbital primarily localized on the nitrogen atom is raised to an anti- 
bondingio orbital of the ion. This transition is designated niFir*. This 
assignment is consistent with the fact that the 3500 A band is absent in 
xi 
nitroalkyls, nitryl chloride and the nitrate ion where the corresponding 
electrons on the nitrogen are shared with other atoms and hence stabilized. 
No comparable band is found in crystalline silver nitrite where the crystal 
structure is similar, but where the internuclear distances and chemical 
properties suggest a weak electron-pair bond between the silver and the 
nitrogen atoms. However, absorption in this region is present in nitrous 
acid and the alkyl nitrites both in solution and in the gas; this absorp-
tion is ascribed to a similar transition (a ir,' ii*), 
The very intense absorption band with its maximum near 2050 A in 
the sodium nitrite absorbs radiation that is polarized such that the 
electric vector vibrates parallel to a line joining the oxygen atoms of 
the nitrite ion. This absorption is assigned to a transition in which an 
electron in a non-bonding II orbital is raised to an anti-bonding Trorbital. 
This is represented symbolically as ffe.W"*. This transition is comparable 
to those giving rise to the strong bands in the nitrate ion, nitrogen 
dioxide, nitryl chloride, the nitroalkyls and the alkyl nitrites at 
approximately the same region in the spectrum. 
The neutral or basic aqueous solutions of the nitrite ion show a 
weaker band with maximum about 2900 A. This band is believed to underlie 
the 3500 A band in the crystalline spectrum. Its origin is attributed to 
raising an electron from a non-bonding orbital, primarily localized on the 
oxygen atoms, to the anti-bonding 7 orbital (n0 --1■ 11*). In the crystal 
this band absorbs radiation polarized with its electric vector perpendicu-
lar to the plane of the ion. It serves to broaden the 3500 A band and to 
complicate the fine structure that is observed at low temperature. This 
absorption is thought to correspond to bands in the nitrate ion, nitryl 
xii 
chloride, nitric acid and the nitroalkyls at about the same wave-length. 
The shift of this band to shorter wave-lengths as the nitrite ion is 
dissolved has been attributed to interaction of the solvent with these 
non-bonding electrons on the oxygen atoms. This interaction lowers the 
energy of the ground state orbital and increases the energy needed for 
the transition. 
A study of the 6020 A absorption band of ozone shows a remarkable 
similarity to that of the 3500 A band in nitrous acid and alkyl nitrites 
and thus has been attributed to a non-bonding electron on the central 
oxygen being raised to the anti-bonding ir orbital. By way of summary 
the assignments for the various bands for a number of substances are 




Before the discovery of the electron, the concept of the valence 
bond was represented by a line drawn between the symbols of the elements. 
This simple idea was of great aid to progress in the field of chemistry 
even though the nature of the bond was unknown. Some time after the dis-
covery of the electron it WAS G. N. Lewis who began the modern electronic 
theory of valence. The development of this theory has come through the 
theory of quantum mechanics. Quantum mechanics enables one to calcu-
late the distribution of electrons in the simpler systems and from this, 
the energy of the system in each possible distribution. From these 
energies and electronic distributions one can determine the size and 
shape of the system, its chemical properties, and the thermodynamic 
properties such as heat capacity, entropy, and free energy. 
The limit of this usefulness comes in the mathematical solution 
of the differential equations, and only approximate solutions can be ob-
tained for systems of more than two particles. These approximations 
become too inaccurate to be of value for most systems. With the quantum 
mechanical approximations and the energy differences of states determined 
from spectra one is able to understand the eleotronie structure of di-
atomic molecules rather well. From this the physical and chemical 
properties of a large number of these systems are well known and 
understood. 
The next step is the understanding of triatomio systems. Since 
2 
the best approach to the determination of the electronic structure for 
diatomic molecules is through their spectra, it is reasonable to assume 
that this method will serve for the more complex systems also. However, 
a solution is not as easy as for diatomic molecules, for, as Sponer and 
Teller (1S) have said, 
. . in spite of -L-oh work done, spectroscopy of polyatomio 
molecules is still in the exploring state. The reasons that 
band spectra of polystomio molecules have not yet proved as 
valuable in the study of molecular structural problems as 
those of diatomic molecules are well known. The variety of 
vibrational and rotational frequencies associated with 
electronic jumps is greater than for diatomic molecules. 
Furthermore, the anharmonicity of the vibrations does not 
produce a simple convergence of the bands, it can change 
their vibrational structure in complicated mays, 	  
vibrations can interact with rotations in various ways, 
so that distinction between vibrational and rotational 
structure of the spectrum becomes difficult. Finally, a 
peyatomio molecule possesses more possibilities of 
dissooistion . 	and 	. this possibility results in 
ooLjinuous or at st,s.; diffuse band spectra, which are less 
valuable for an ana . vis than discrete spectra." 
This oomplexity of the spectra necessitates the use of some tools that 
are not always required for simpler systems. One such tool is the mag-
natio rotation spectra which allows one to record a simpler spectrum. 
Another tool, and '.:is one which was used in the work reported here, is 
that of polarized absorption speotrosoopy. 
A group theoretical study of the transition probabilities reveals 
that different transitions absorb (or emit) radiation polarized in 
different directions -ith respect to the orientation of the molecule. 
If all of 	.toloalles are oriented in the same way, then all of the 
radiation absorbed (or emitted) for a given transition will be polarized 
as determined by the transition and the orientation of the molecule. 
Certain crystals contain molecules so oriented. Other crystals contain 
3 
molecules oriented in such a manner that only one axis of the molecule 
lies along a common direction. For the latter type of crystals, only 
the radiation polarized along this common direction will lead to un-
ambiguous assignment of the direction of dipole moment change. In the 
case of absorption (or emission) of radiation polarized perpendicular 
to this axis, the dipole moment change can be along either or both of 
the axes perpendicular to the axis of unique direction. 
Even this polarized spectra can be rather complicated, especially 
since the crystal field can introduce additional lines due to "term 
splitting." In the sodium nitrite crystal, however, the selection rules 
are the same as those for the isolated ion. 
The theory of the selection rules in crystals is first discussed 
by Bathe (2E) and expanded, primarily with regard to infrared work, by 
Raiford and others (3R). Of the polarized infrared absorption spectra 
reported in the literature that by Newman (4N) of the sodium nitrite 
crystal is of interest in this work. Polarized ultraviolet absorption 
spectra have also been reported on a number of substances. Craig and 
Hobbins (5C) have studied anthracene. Schnepp and McClure (6S) have 
made assignments to the first two excited singlet electronic states of 
naphthalene with the help of polarized ultraviolet absorption. Albrecht 
and Simpson (7A) have studied -dimethoxybenzene and Lyons (8L) reports 
absorption by the pyrimidines of plane polarized ultraviolet light. 
The diohroism of substituted benzenes has been reported by Nakamoto 
(911, 10N), and direct evidence for a n. 	* electronic transition has 
also been reported by Iakamoto and Suzaki (11N) on the basis of the 




electronic transitions of inorganic substances have been made of platinum 
and palladium complexes (12Y), praseodymium chloride (133) and uranium 
fluorides (143). All of this experimental work has been reported in the 
last seven years and most of it in the last three years. There is much 
activity in the field and it seems to be a promising method of study 
that will lead one closer to basic understanding of polyatomic molecules. 
CHAPTER II 
THEORETICAL CALCULATIONS 
Quantum Mechanical Calculations.--In order to make assignments for the 
electronic transitions observed for the nitrite ion some calculations as 
to the relative energies of the various states must be made. Exact cal-
culations being impossible one must compromise between the roughest of 
approximations and the moat elaborate with the factors of accuracy 
required and time and effort expended determining the method. 
Using the linear combination of atomic orbital (LCAO) approach, a 
set of molecular orbitals (MO's) can be made up in terms of which the 
electronic configuration of the nitrite ion and other triatomio systems 
can be described. 
To begin the calculations in as general a manner as is convenient 
the system may be referred to as AB 2 where the nuclei are arranged sym-
metrically on an isosceles triangle. The apex angle may be anywhere 
between 0° and 180° . When the system is represented graphically, the 
symbols A and B will include the atomic nuclei and all electrons except 
the valence electrons. Also the assumption is made that these core 
electrons may be neglected except as they affect the charge on the nuclei. 
It will now be assumed that the atomic orbitals (AO's) available 
on each atom are the three p and the one a orbitals with the same 
principal quantum number. Suitable changes can be readily made if only 
the s orbital is to be used on one member of the system. The possibility 
of using d orbitals will not be considered in this work. These four 
6 
orbitals from three atoms will combine to give twelve molecular orbitals. 
Simply to use the unhybridized AO's would probably not be a wise 
choice because a lower energy is likely when hybridized orbitals are 
used (15C). A hybridized set of orbitals is chosen, so as to preserve 
the C
2v 
 symmetry (16E), having the form 
YRk aRka bRkPx °RkPy dRkPz 









2 = 1, etc., 
for the kth orbital (1, 2, 3, & 4) on atom R. If this set is chosen such 
that 
1 	 2aR2 
(PR1 = aRa 	PX 	  
V 2 
P z 
- 2aR YR2 = aRa 	Px 
ya3 	2aR2s + 	aRpz , and 
(e14 a  Py 
the C2v symmetry may be preserved and the hybridization may be varied from 
none at a = 0 to digonal at aR = 1//27. When aR = 1//3- the hybridization 
is trigonal (150). These hybrids give the atom a two fold rotational 
axis about 4 R3 . Just what degree of hybridization is present will depend 
primarily on the number of electrons and the atoms involved and will vary 
from system to system. 
Assuming an apex angle of near 120° it is possible to represent 
7 
the system pictorially as in Fig. 1.
1 
 This would mean aR is approxi-
mately 1//5. pri , 02 , 	. 06 are of type ).111 and PR2' 07' 08" and 
09 are of type i0R3 , while °10,11' and 012 are of type cam. . 
09 
Fig. 1. Graphic Representation of AB 2 of Apex Angle 120° . 01. thru 
09 are sp2 Type Hybrids and 010' ø11, and 0 2 are pure P. 
From a consideration of the extent of the overlap and symmetry 
properties it is convenient to separate these orbitals into the following 
groups, where the a- orbitals are directed along the internuolear axis, 
nA orbitals are unshared orbitals on atom A, and nrorbitals are orbitals 
with a node in the wave function at the plane of the ion: 
a. Four a- orbitals of the form 1pj = 	+ b2.102 + b3jpir3 + b1.0014 , 
b. Four n0 orbitals of the form 'lC = b 51%5 + b6 06 + 137/7 + b8 08 , 
c. One nil orbital A= 09 , and 
d. Three n orbitals of the form 16 = b ICAO b11A1 b123012 . 
 Since there is more overlap in the a- orbitals than in the others, 
1This is a good assumption since the angle in the crystalline 
sodium nitrite is 115.7 t 30 (170. 
E l  




1:3 - i(81:14 + 8
• 
2:3) 
1 d 	H 	H 	- (H 	+ H ) 1:1 1:2 1:3 r 1.4 2,3  
8 
the splitting of these energy levels will be the greatest and the follow-
ing symmetry MO's can be written (see Appendix I): 
= 2 
	+ 02 +03  + 0:41(40,of symmetry A l (18H), 
12 	(01 + 	-03  - ji4 ),( cr),of symmetry B1 , 
3 a 	(01 - 02 - X13 + 014 ),(e.*),of symmetry Al , and 
. 41(1 - 03 - 004.*),ef symmetry Bl . 
To the extent that these MO's are good zero order approximations, the 




In terms of integrals over atomic orbitals these energies are: 
E.1 	 1 Is 
- 1:1 * S 112 * S 1:3
, 
 2- 	s2:3 ) 
H1:1 H1:2 	(H 	+ H2:3 ) :1 	1:	1:3 e 1:4 2:3  E „„ 1 2 
1:1 + S1:2 - 8 1:3 	(5 1:4 s2:3 ) 
 H111 - H1:2 - H1:3 f 	+ - 
R 223'  E
lw
3 	 (s 1 • 
- S 1:2 - S123 + r s2.3/ 
H1s1 + H1s2 + H1s3 + 	(i1:4 + H223 ) . 
• 
where H = H
Ji 
 /0 H j dr( and S id • Sji 0  JA' O dr and the 
E
5 . 35:5 
H5:5 
E 	H5:5 








assumptions are made that Hit1 H2:2 m 134:4; H1:2 m H3:4 ; H1:3 m H224; 
S 1:1 m S2:2; 83:3 sr 54:4; 5 112 m  53:4; and S
1:3 = 82:14 . Actually 
H2=3 = 0 and S
2:3 
 . 0. 
In a similar way four symmetry orbitals can be written from the 
four non-bonding oxygen atomics orbitals. The splitting of these energy 
levels will not be expected to be as great as that of the o . orbitals 
and to the same approximation can be evaluated as below. 
1.P5 	+ 	+ ,117 + #81(no), of symmetry Al , 
1/15 	-!d6 + 07 - 08 ),(no ), of symmetry B 1 , 
11;7 =415 Fl6 - pf7 + 00:10), of symmetry Al and 
1P8 =Of5 4- 06 P(7 P18),(n0), of symmetry  Bi • 
+ H5:8 + (H5:6 + H7:80 
85:8 (3 5:6 37:072 * 
- H5:8 - (H516 + H7:8° 
- 3 5:8 " (35:6 + 87:8)/2 
H5:8 - (115:6 + H718 )/2 
s and + 5 5:8 - (5 5:6 + S_7:8)/2 
- H5:8 + (H516 + H718 )/2 
H H - s 5:8 (55:6 37:80 5:7 60 = 0; 
S 	= S. 	S7:7 . 88:8; and 	• S 5 2 5 o:o -627 . 
This leaves the nN orbital, %, and the three py orbitals, For 
consideration at this point it will be assumed that there is no interaction 
10 
of 11/9  with other orbitals, but actually it may interact with 
V5 and 
76 because they all are of Al symmetry and their energy levels are not 
widely separated. The TTorbitals and their energies are as follows: 
*10 me -70110 	
Alin + 012), (irk ), of symmetry B2 , 
411 zg 240 10 	12 
- ), (IT), of symmetry A2, and 
'p12 m F(910 - 	 (li*), 
of symmetry B2, 
1 
	








ll = r—=r— and 
10:10 	10t12 
H10.10 	fi H10:11 	H10:12  
E12 - 	
, where it has been 
14 
5 10:10 	142F5 10:11 IT -10:12 
assumed that H10:10 m R11:11 m R12:12; 810:10 m S 11:11 = S 12:12 ; 
H10:11 H11:12; and s 10:11 S 11:12 . 
Naw that approximate expressions for the energies of these one-
electron MO's have been made, it would be interesting to ascertain their 
relative magnitudes for the nitrite ion. In order to make the problem 
tractable the assumptions are made that the overlap terms are negligible 
except for S ii v. 1, the coulomb integrals are all equal, 2 i.e., H1:1 = 
E2:2 = 	H515 = H0:0 . 1111:N H
o, and the exchange integral Hij is •  
proportional to S ij , i.e., Hij = ASij (19M). The overlap integrals can 
be evaluated by using Mulliken's tables (20M) if the molecular geometry 
2A qualitative refinement is introduced on page 11. 
11 
and the state of hybridization are known. In making these calculations 
it has been assumed that (a) the hybridization is trigonal, i.e., 
a = 	(b) the O-N-O angle is 120° , (o) the 0-N distance is 1.23 A, 
and (d) the formal charge on the ion is distributed such that each oxygen 
atom is 0 unit charge negative. Sample caloulations of the overlap 
integrals for the hybrids and a table summarizing them are given in 
Appendix II. These calculations lead to relative energies in that E = 	+ 
AS (19M), when H° is primarily the coulomb integral. They are presented 
graphically in Fi. 2 and recorded in terms of the unitless S in Table 1. 
Placing the eighteen valence electrons in the nine MO's of lowest energy 
gives a configuratt, 
2 si 	v 210, 1)82, III), 1192 , ,N) 2 1,213., .1)72 1 
which seems consistent with the ohemist's picture of the moleoule as de- 
plated in Fig. 3. This olectronio structure suggests that the transitions 
observed in 	spectra are to V12' an anti-bonding ii (e) MO, from 
either 11 5 or 	non-bonding oxygen (n0 ) MOYs; A/19 a non-bonding nitro- 
gen (u4 ) MO; or 11) 11 a non-bonding IT MO. It will be seen later that 
transitions from 11)6 and 7 8  are forbidden on grounds of symmetry con-
siderations. 
An improvement of the accuracy of the estimate of the relative 
energies of the no-* iT * and the ;1/2-1. -0 * transition would be most 
desirable in that polarized spectra can not distinguish between these 
two. By means of a valence state energy calculation as outlined in 
Appendix III it can be reasoned that the energy for the transition n o-eli* 
is larger then that for the transition nN -4•Tr* by about one electron volt. 
12 
ip 3 (A 1 , 
14. (B1, 	 ) 
,
1 /
12 (B2 , 7r ) '0 7 (A1' n) 
11)11 (A2' 7) 
(4 1' no ) 
(A1' 12N ) 
(B 	u ) 
l' 0 





Figure 2. Relative Energies of MO's 
in the Text. Al , B l , Ao, and 82 are 
properties of tree wave-runetions and 
the text. 
Estimated from Overlap as Described 
symbols describing the symmetry 
cr, n0 , nN , and 'r are defined in 
■ 
13 
Table 1. Relative Energies of MO's Estimated as Described in Text 

























A Chemist's Picture of the Electronic Configuration of the Nitrite Ion 
Thus perhaps y)9 (nti ) should have a higher energy than indicated in 
Table 1 and Fig. 2 while i()5 , 	 14, and gi (n0 ) should have lower 
energies. 
A consideration of the electronic transition possibilities due to 
electric dipole absorption shows that "le , *  m e dr must be non-vanishing j 







of the upper state electronic eigenfunction, 1
4
1 is the lower state else- 
tronio eigenfunction, and M is the dipole moment induced by the radiation. 
It can be shown that this integral is zero if the integr&nd transforms in 
a non-totally symmetric way. On the basis of symmetry it can be shown 
that the integral vanishes unless the direct product of the transforma-
tion properties of the two states contains a term with the same trans-
formation property as that of M. Therefore "a combination between two 
states is allowed if their direct product contains a term which trans- 
forms like . . . (a) translations (along one of the coordinate axes) • • • • 
The direction of this translation determines the direction of the dipole 
moment connected with the transition" (22S) and is in the direction of 
the electric vector of the radiation inducing the transition (or being 
emitted due to the transition). 
It must be realized that the selection rules that apply to mole-
cules in the gas phase are modified when those molecules are placed in a 
field such as that of a crystal lattice. However, in the case of the 
nitrite ion in sodium nitrite, these selection rules are not modified 
because the symmetry of the site group is the same as that of the point 
group (2B, 5H). 
The transformation properties of the MO's which describe the 
y a 
Figure 4 
Orientation of the Nitrite Ion in the Coordinate Axes and Crystal Axes 
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system are determined in Appendix I and recorded also in Table 1 and 
Fig. 2. Since a translation in the z direction (Ti ) has a transforma-
tion property represented by A1 , Tx by Bi , and Ty by B2, the direct 
product of the symmetry of the combining MO's must be Al, B 1, or B2 , 
i.e., A2 indicates the combination is forbidden. Both Sponer and Teller 
(21S) and Herzberg (18H) give tables of these direct products. Table 2 
is a tabulezion of the possible electronic transitions together with the 
,Arect preact of the transformation properties and the direction of the 
polari=tIon of the radiation causing the transition. The assignment of 
axes in the nitrite ion is shown in Fig. 14 and is consistent with that of 
other workers (17C). 3 The crystal axes a, b, and o correspond to the y, 
x, and z axes respectively, of the Cartesian coordinates. 
Comparison with the Results of Others.--R. S. Mulliken (23M) discussed 
the triatomio systems in general, and for the eighteen electron system 
predicted a configuration and energy level scheme as given in Fig. 5 
(left). His method was to set up the energy level diagram for the linear 
system and the angular system with angle of 0 0 (folded so that terminal 
atoms are superposed, i.e., diatomic) and to estimate the way the energy 
levels were smoothly changed from one to the other without crossing of 
levels of the same symmetry. Mulliken's results and those of this work 
are compared in Table 5. It will be noticed that the main difference in 
these results lies in the non-bonding oxygen orbitals (P 5, 4) 6 , )G7 , and 
Calculations herein indicate that these energy levels should be 
3Zeigler (242) and Newman (L0) use a notation with b and o inter-
changed contrary to the convention of Internationale Tabelle (1935). 













Table 2. Polarization of Radiation for Transition 
to Excited Electronic States of Nitrite Ion (1811) 
 
From 	 To 	 Direct 
MO Symmetry 	 MO Symmetry 	Product 	Polaritatima 
(110 ) Al 1712 (114) 
Cil ) A2 
1(112 (71*) 
(no) Al 1112 (17*) 
(ad Al 
4/112 (Tr*)  
(10 ) B 1 112 (11-4) 
(n0 ) B1 1'12 (Tr*) 
(G-) B1 t12 (1T4) 
(n0 ) 14 (T*) 
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Figure 5. The Energy Level Diagram from Mulliken (2;M) 
Compared to That of This Work as Described in the Text. 
symbol bl is B2 in the notation of this work and his b 2 
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lA 1   
la 
split only a very little. It will be noticed from Fig. 5 that 1,
9' 
the 
non-bonding nitrogen orbital, has been raised in energy and that all of 
the non-bonding oxygen orbitals have been lowered in accordance with the 
discussion on page 11. The other differences in these energy level dia-
grams is that Mulliken's 1IA1
4 is much more stable than the corresponding 
orbital (10Alcr ) in this work. Since Mulliken's 3A1 is an intermediate 
designation between a linear ir and a folded 2a
1
, it corresponds to 
1,k9 (A1 nN) instead of the 2A
1 
which is intermediate between 2v-
g 
and 
the le'. This would seem to indicate, in agreement with the valence 
state promotional energy argument (Appendix III), that (1, 9 (A 1 nN ) 
should have a higher energy than 11//5 (A1 no ) to prevent crossing of 
energy levels of the same symmetry in the hypothetical transition from 
linear to bent to the superposed system. A difficulty in correlating 
these energy level diagrams comes with %7  (A1  n
0 ) corresponding to 5A 1 
 crossing 16 (Al cr*) and 169 (Al nN). Changes are suggested below which 
would overcome this. 
Walsh (250 presented, in a series of papers, similar energy level 
schemes for various polyatomic molecules. He did not hybridize the s 
orbitals on the B atoms and consequently they are of lowest energy. 
Another significant difference from the diagram given by Mulliken is in 
the interchange of the position of the linear a' g  and 2 iT
u 
orbitals. 
This change resulted in Mulliken's 4A1 orbital coming from the 277-u in-
stead of the 3cr . This is oonsistent with the results presented here; 
however, this change would necessitate another change to prevent crossing 
4It should be noted that Mulliken's symmetry term symbol b i is 




of Al states. 
In order to correlate Mulliken's diagram with that of this work 
and that of Walsh the following changes are suggested: 
(a) Interchange the order of Mulliken's 3a- g  and 2 ITu orbitals as 
suggested by Walsh. This requires that the linear 27r u split to give the 
folded tai and le" instead of 3e' and le". 	0- g  then goes to 3e' instead 
of 2e'. 
(b)Interchange the order of 2e' and 2a,'. This is necessary as 
a consequence of (a) to prevent the A l orbital of 27 u from crossing 
with the Al orbital of 177 u . The 17f u goes (through Al ) to 2e' and to 
lag 
as a result of this change. 
E. L. Friedman (26F) agrees with Mulliken's work in the low energy 
region of the near ultraviolet but postulates that the high energy absorp-
tion at 2100 A is due to an electron transfer from the ion to the solvent. 
Transitions Predicted. --These calculations lead to the conclusion that 
the lowest energy transition would be an n —on * (polarized along the a 
axis); perhaps two or three relatively close together. This picture 
indioates that there would be a 7r- -ii* transition (polarized along b 
axis) nearby, perhaps lying in the same region of the spectrum with the 
n -,ir*. The accuracy of the estimates made will not permit a definite 
assignment of these transitions from these oonsiderations alone; other 
evidence is required at this point. Likewise the electron transfer 
assignment of Friedman for solutions cannot be denied by assigning the 
2100 A band of the crystal to one of the transitions mentioned above. 
CHAPTER III 
DESCRIPTION OF THE EXPERIMENT 
Introduotion 
In order to determine which transition or transitions are respon- 
sible for the various bands of the nitrite ion absorption spectrum, more 
information is required than that obtained by the oaloulations of Chap-
ter II. The only conclusive evidence is that obtained from polarized 
spectra of the oriented moleoules at low temperatures. Other evidence, 
such as the effeot of solvents on the spectra (27K) and differences in 
the spectra of similar substances, can be checked or used to postulate 
refinements in results already obtained. Thus the first experimental 
approach is to determine the direction of polarisation of the radiation 
absorbed by a carefully oriented single crystal at low temperatures. 
The second approach is to study the spectra of the ion in solution and 
the spectra of other substances. 
Polarized absorption spectra were recorded for sodium nitrite, 
along each of its three axes at room temperature and at liquid nitrogen 
temperatures. The absorption spectrum of natural crystals of silver 
nitrite was also studied at room temperature and at 70 0 absolute. 
Absorption measurements were also made on sodium nitrite in neutral and 
acidified aqueous solutions; ethyl nitrite as a gas and in solutions of 
hexane, ethyl alcohol and water; amyl nitrate as a glass at liquid 
nitrogen temperature; and nitromethane as a glass at liquid nitrogen 
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temperature and in ethyl alcohol and water-acid solutions. 
Polarization Studies 
Crystals, Their Growth and Orientation.--Crystals of sodium nitrite were 
grown by slow evaporation of the solvent from a thin film of the aqueous 
solution on quartz microscope slides. Rapid evaporation gave crystals 
which were too small to be usable. Suitable crystals were obtained by 
varying the thickness of the film of solution and its concentration. 
Single crystals as large as one oentimeter square and as thin as two 
microns were grown in this way. Examination of thinner crystals under 
the microscope showed that they were not continuous but had holes in 
them. The upper surface of the crystals was not smooth, and as a result 
some of the light VAS scattered. This scattering necessitated longer 
exposure times. 
The crystal habit is such that only (010) plates, i.e., crystals 
having the a and o crystal axes (the yz coordinate plane) in their faces, 
were obtained. In order to study the absorption of radiation polarized 
in the direction of the b axis (x coordinate axis) it was necessary to 
obtain a crystal with the b axis in the plane of the face. Aqueous solu-
tions of sodium nitrite were evaporated slowly at a constant temperature 
near 20°C. After a month of evaporation from about two hundred milli-
liters of the saturated solution, single crystals were obtained that were 
large enough to be out and polished into (100) plates, i.e., plates having 
the b and o axes in their faoes, as described by Newman and Halford (28N). 
The lower limit of thickness for these crystals was about thirty microns. 
Newman and Halford (28N) point out a precaution regarding the optic axes 
and molecular orientation that should not be overlooked. 
22 
The orientation of the crystals was determined by a study of the 
refractive indices by the Beoke line method (29G, 300 using available 
liquids of known refractive index. The refractive indices of sodium 
nitrite reported by Newman (4N) were accepted. They are nAr . = 1.35, 
measured along the crystal axis a or the coordinate axis y; n m 1041, 
measured along the crystal axis c or the coordinate axis z; and ni = 
1.62, measured along the crystal axis b or the coordinate axis x. 1 
These indices were not measured exactly but were plaoed within limits as 
follows; 1.329< n.L< 1.359 by acetone and methyl alcohol, 1.402 ML/3< 
1.122 by n-butyl chloride and 1,4-dioxane, and 1.51144 llt by benzene. 
These measurements were accurate enough to make certain that the crystals 
were so orientated that the surfaces contained one of the coordinate 
planes or at most that the faoe was not inclined to the plane of the axes 
by an angle great enough to cause any difficulties (See Appendix nr). 
The thickness of the crystals VAS determined by means of inter-
ference fringes or colors when the crystals were placed between crossed 
Nicola of the polarizing microscope (32W). The thicker out crystals 
were measured by counting the interference fringes when illuminated by 
a sodium lamp. 
Except for a slight change in the size of the unit cell and a 
marked change in the metal to nitrogen internuclear distance, silver 
nitrite has the same crystal structure as sodium nitrite (310. In 
1The b and o axes of Zeigler's (242) notation, which was also 
used by Newm7in 0.0N7 and Wycoff (310, have been exchanged; compare 
Carpenter (17C). 
O 





sodium nitrite the metal to nitrogen distance is 2.61 A while the metal 
oxygen distanoe is 2.52 A (17C), but in silver nitrite these distances 
are 2.04 A and 2.74 respectively (33K). These distances are indicated 
in Fig. 6. 
*silver C)oxygen enitrogen esodinm 	nitrogen C)oxygen 
Figure 6. Dimensions in the Crystallographic Unit Cell for Silver Nitrite 
and Sodium Nitrite for the (100) Planes, i.e., be Plane. The a Axis is 
Perpendicular to the Page. 
The limited solubility of silver nitrite made it more difficult to 
secure suitable crystals, but small very thin single orystals were grown 
in the dark by evaporation of water solutions at 100 0C in a humid atmos-
phere to make the process slower. Only (010) plates, i.e., crystals con-
taining only a and o crystallographic axes (the same convention is used 
as for sodium nitrite), were obtained and these were too small for 
polarized absorption teChniques. The decomposition due to light was 
also appreoiable. 
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The necessity for determining with absolute certainty the direc-
tion of polarization of the radiation is evident. This was achieved by 
examination of the microscope polarizer in radiation reflected at 
Brewster's angle from glass plates. This done for one polarizer the 
others could be compared to it as a reference. The marking on the quartz 
wedge, furnished with the microscope, was also confirmed by measuring the 
refractive indices of a crystal by the Beoke line method after assign-
ments were made using the wedge. 
Preliminary examinations were made of natural crystals to deter-
mine which was the a axis and which the c axis, assuming them to be (010) 
plates, by means of a quartz wedge and interference oolors or fringes 
(34W). After the absorption spectrum of a crystal was recorded, its 
orientation VAS confirmed by the Beoke line method for measuring refrac-
tive indices. The out crystal was made from a large crystal oriented 
by refractive index methods, and the orientation of the polished crystal 
was checked by the same methods after the spectrographic examination. 
Optics and Spectrographs.- -The light souroe used in all the spectro-
graphic absorption work was a water cooled Hanovia hydrogen discharge 
tube which was made of fused quartz. The electrodes were aluminum 
cylinders. The power required was five thousand volts alternating 
ourrent, from a reactive transformer, at one-half ampere. Under pro-
longed use the windows became coated with aluminum which required that 
the tube be opened and cleaned with hydrochloric acid. Normal operation 
was achieved when refilled with dry electrolytic hydrogen at a pressure 
of about two millimeters of mercury. The length of useful service VAS 
markedly increased when a blast of air was directed over the outside of 
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the tube while in operation. 
Polarizers used in the ultraviolet were of two kinds) a Glen-
Thompson prism which had been reoemented with glycerol to pass this 
shorter wave-length radiation, and a Wollaston prism with optical contact 
of the two quartz pieces. The Wollaston prism made it possible to photo-
graph both directions of polarization at the same time by merely separat-
ing the two rays by a small angle. These two rays were then thrown onto 
the upper and lower parts of the slit and the spectra recorded. 
The direction of polarization of the Glen-Thompson prisms was 
determined by comparison with that of the polarizes on the microscope 
and by observing them in light reflected at Brewster's angle from glass 
plates. The two beams from the Wollaston were observed through a Glen-
Thompson prism of known orientation in order to decide which beam WAS 
polarized in a particular direction. It was recognized that the image 
of the slit is inverted on the film of the spectrograph and in order to 
confirm the assignment of orientation, the two spectra were observed from 
the film plane with an eyepiece, as a Glen-Thompson prism was rotated in 
the optical path just ahead of the Wollaston prism. The spectrum passed 
was that of light polarized in the same plane as that passing the Glen-
Thompson prism. This information thus made it possible to determine un-
ambiguously the direction of polarization of the absorbed and the trans-
mitted radiation in the two rays given by the Wollaston prism. 
To orient the crystal with respect to the Wollaston prism an in-
candescent spot light placed at the film holder of the spectrograph 
allowed light to emerge from the slit and be collimated by a condensing 
lens and thus trace out the optical path in the reverse direction. The 
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Wollaston was placed in this path between crossed polarizers, in this 
case Glen-Thompson prisms, Fig. 7A, and rotated until the intensity of 
the two light beams appeared the same (there was a difference of setting 
for extinction of the two beams of about 1.5 0 ). The Wollaston was then 
swung out of the optical path and the crystal placed between the crossed 
polarizers. The crystal was then rotated so as to allow no light to pass 
through from the spectrograph slit (Fig. 7B). If low temperature spectra 
were to be recorded this alignment was done with the crystal in its cell 
and in position; then after the liquid nitrogen had been added to the 
Dewar flask the alignment was checked and any small correction could be 
made by rotating the entire cell. When properly located the cell was 
clamped in position on the optical supports. This done the two Glen-
Thompson prisms were removed and the Wollaston returned to its proper 
position as shown in Fig. 7G. 
The low temperature cell shown in Fig. 8 was made from a two 
hundred milliliter, tall form, electrolytic beaker with side arms of 
eighteen millimeter outside diameter Pyrex tubing fused on, The windows 
on the ends of the side arms were of strain-free quartz microscope slides 
sealed with Apiezon "We' wax onto the ends already ground flat. The 
oopper rod was surrounded closely by an eighteen millimeter Pyrex tubing 
and secured in position by a brass machine screw which went through a 
hole in the glass tubing and into a tapped hole in the copper rod. The 
cell was closed to the moist air by a glass plate which seated itself 
nioely in stop-cook lubricant on the top of the beaker which had been 
ground flat. This last seal provided access to the rod for placing or 
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Figure 8. Low Temperature Cell 
a. Glass Plate. 	Ground joint sealed with stop-cock lubricant. 
Strain-free q uartz plates, sealed on with Apiazon-W. (4) Tapered 
openin in copper rod. r:D Leaf tyre spring to hold sample against 
rod. 20(_ ml. tall-form electrolytic beaker with 13 mm. o. d. Glass 
tabu sealer on. 	Machine screw to locate co m er rod in cell. 
QD Copper rod. Q Dewar flask to contain coolant. 
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they were seoured, on the flat aide of the copper rod, and held in place 
by a leaf type spring. The light passed through the quartz plate, the 
crystal, the hole in the copper rod, and out the other side arm of the 
cell. 
The rather short focal length lens used as a condenser served to 
reduce the size of the image of the source to about one millimeter yet 
filled the optics with light, thus making it possible to record one set 
of spectra in about three millimeters of the lateral space on the film. 
In this way as many as eight sets of spectra could be put on one thirty-
five millimeter film. 
The design of the Hanovia hydrogen discharge tube is such that by 
far the largest part of the light is emitted in a cone with about 2 ° 
 divergence from an area about four millimeters in diameter. This con-
struction made it possible to omit a collimating lens without losing 
much light. 
The need for the light to be well collimated to prevent absorption 
of a sizable amount along the axis of the crystal perpendicular to the 
face was realized. With the arrangement as shown in Fig. 7C this di-
vergence would not have been more than one degree (2 x arc tan. of 14 
millimeters (aperture)/ 500 millimeters (aperture to crystal) e 54'). 
For the purpose of measuring wave-lengths on the absorption 
spectre an iron arc was placed on each film. This was done by inserting 
a plane first-surface mirror between the hydrogen discharge tube and the 
first aperture and removing the crystal; the radiation from the iron arc 
was thus introduced into the existing optical path where it could be 
recorded. 
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Two spectrographs were used; one a small Bausch and Lomb Quartz 
littrow which used two inch by seven inch plates, and the other a 
Jarrell-Ash JACO-Wsdeworth Stigmatic three meter Replica Grating Spectro-
graph with a 15,000 line per inch replica grating two inches by one and 
one-half inches. Preliminary work and later work in the shorter wave-
length range was done with the Bausch and Lomb instrument, but the 
Jarrell-Ash spectrograph was used for the fine structure of the low 
temperature absorptions. 
Measurements of wave-lengths were made from a densitometer trace 
made on a recording densitometer built here, Fig. 9. The film carrier 
and optical assembly were described elsewhere (35v). The output of the 
selenium cell placed behind the slit was applied to a d'Arsonval gal-
vanometer which reflected a rectangular image of a light source onto a 
horizontol "vee"-shaped opening on another selenium cell. The position 
of t.r image on the "vee" determined the amount of light reaching the 
second cell, the output of which was used to drive a Brown Electronik 
strip-chart recorder. For each revolution of the screw advancing the 
film a "pip" was placed on the chart so that a second spectrum could be 
placed alongside the first on the chart without danger of one trace being 
displaced with respect to the other. It was always possible to measure 
to better than one angstrom using a film from the Jarrell-Ash spectro-
graph. Then corrected for shift on the film of one spectrum with respect 
to the other an accuracy of better than 0.1 A was achieved. 
Photographic Materials and Exposures.--The  film used on the Jarrell-Ash 
spectrograph was Eastman Kodak 103-F-(3) thirty-five millimeter film. 
For the shorter wave-length region this was coated with a very thin film 
Figure 9. Recording Densitometer 
On the left is the film holder whioh is advanced by a metro screw 
driven by s syncroncus motor through a gear train located on the right 
end of the assembly. Above the film holder is the microscope and 
selenium photocell with its adjustable slit. The film is illuminsted 
by a light located behind the assembly. The optical amplifier is 
located beneath the table (not in view). The controls for the film 
drive motor, light source, and optical amplifier are located beneath 
the Brown Blectronik strip-chart recorder on the right. 
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of "Nujol" (36S) for greater sensitivity. For the Bausch and Lomb instru-
ment Eastman Kodak two by ten inch 103-F-(3) X-thin plates out to seven 
inches were used at first. Some 103-0-U.V. plates secured for the work 
were found to be hopelessly streaked so that sheet film was tried and 
found to be satisfactory. Eastman's Contrast Process Ortho film in 
five by seven inch sheets was out to size and sensitized to the ultra-
violet by a thin coating of "Nujol". 
The film and plates were washed in methyl alcohol to remove the 
"Nujol" and developed in Kodak D-18 developer as recommended for the 
film and fixed in Kodak Rapid Liquid Fixer. 
The time that the film was exposed to the radiation varied from 
about thirty seconds for the thin silver nitrite crystals to three hours 
for the thick sodium nitrite crystals. Slits were about three hundred 
microns wide except when recording the fine structure at liquid nitrogen 
temperature and these were made with one hundred micron slits widths. 
Other Measurements 
Absorption spectra of the following solutions were measured on a 
Beckman model D. U. spectrophotometer: sodium nitrite in neutral and acid 
aqueous solutions; ethyl nitrite in hexane, ethyl alcohol, and water solu-
tions; and nitromethane in ethyl alcohol and water-acid solutions. Ab-
sorption spectra were also recorded on the Jarrell-Ash spectrograph for 
gaseous ethyl nitrite and for solid amyl nitrite and nitromethane at 
liquid nitrogen temperature. 
The sodium nitrite was reagent grade purified by recrystallization 
from aqueous solutions and free from nitrate. The acid used to make the 
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solution acidic was hydrochloric acid. 
The amyl nitrite was purchased in small vials under the trade 
name "Vaporole" of Burroughs Wellcome and Company. It seemed likely that 
it was slightly contaminated with decomposition products, but they 
apparently did not interfere in the region of the spectrum of interest. 
The ethyl nitrite was freshly prepared by mixing 14.5 co of ninety-
five per cent ethyl alcohol, 33.0 grams of sodium nitrite and enough water 
to make 125 co of solution. This was mixed with a solution of 13 cc of 
one hundred per cent sulfuric acid, 11 cc of ethyl alcohol and water to 
make 125 cc. The ethyl nitrite was distilled from this mixture and puri-
fied by distilling twice more. This was evaporated directly into the gas 
cell for vapor measurements and distilled into the hexane and ethyl alco-
hol for solution measurements. 
The solutions were prepared and designated as follows: 
Stock solution A: 17.75 grams of hexane was placed in a vessel 
and ethyl nitrite was distilled in until the weight increased by 1046 
grams. This procedure should have resulted in a concentration of 0.662 
moles per liter. From this stock solution the following solutions were 
prepared: 
Solution IA.--Dilute 10 ml. of stock solution A to 25 ml. with 
hexane. 
Solution IIA.--Dilute 5 ml. of solution IA to 20 ml. with hexane. 
Solution IIIA.--Dilute 5 ml. of solution IA to 20 ml. with ninety-
five per cent ethanol. 
Solution IVA.--Dilute 10 ml. of stook solution A to 25 ml. with 
hexane. 
Solution VA.--Dilute 10 ml. of solution IVA to 20 ml. with hexane. 
Solution VIA.--Dilute 2.5 ml. of stook solution A to 25 ml. with 
hexane. 
Solution VIIA.--Dilute 2.5 ml. of stook solution A to 25 ml. with 
ninety-five per (lent ethanol. 
Solutions VIA and VIIA were prepared at the same time and measure-
ments made at the same time. 
Stock solution B: 14.303 grams of ninety-five per cent ethanol 
VAS placed in a vessel to which ethyl nitrite was added by distillation 
to increase the weight 0.443 grams. This should have resulted in a con-
centration of 0.32 moles per liter. From this stock solution the follow-
ing solutions were prepared: 
Solution IB.--Dilute 2.5 ml. of stock solution B to 25 ml. with 
ninety-five per cent ethanol. 
Solution IIB.--Dilute 2.5 ml, of stock solution B to 25 ml. with 
water. 
Solution IIIB.--Add to 55 drops of solution TB 5 drops of con-
centrated (12 F) hydrochloric acid. 
Solution IVB.--Add to 55 drops of solution IIB 5 drops of con-
centrated (12 F) hydrochloric acid. 
Solution VB.--Dilute 2.5 ml. of stock solution B to 25 ml. with 
ninety-five per cent ethanol. 
Solution VIB.--Dilute 2.5 ml. of stock solution B to 25 ml. with 
water. 
Solution VIIB.--Dilute 10 ml. of solution VB to 25 m1. with ethanol, 
Solution VIIIB.--.Dilute 10 ml. of solution VIB to 25 ml. with meter. 
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Solutions VB and VIB were prepared and treated as nearly identi-
cally as possible. Errors in concentration are discussed in Chapter IV 
page 50-51. 
The nitromethane VAS obtained from Lyman Morgan and had a boiling 
range of 101-102°C. Measurements were made in ninety-five per cent ethyl 
alcohol and a water-acid solvent made with equal volumes of water and 
concentrated sulfuric acid (about 9 formal). 
The spectrum of gaseous ethyl nitrite in an 11.5 centimeter oell 
was photographed with a one hundred micron slit at pressures from ten 
millimeters of mercury to one atmosphere. At each pressure a ten second 
and a one minute exposure were made. Low temperature spectra of amyl 
nitrite and nitromethane were made through a cell consisting of two 
quartz slides held fifty microns apart with a brass spacer and clamped 
against the copper rod of the cell previously described. Amyl nitrite 
required exposures up to one hour with a three hundred micron slit, 
while ten minutes with the three hundred micron slit were sufficient 
for nitromethane. 
CHAPTER IV 
RESULTS AND DISCUSSION 
POLARIZED SPECTRA OF SODIUM NITRITE 
The measurements of the absorption spectra of crystalline sodium 
nitrite at liquid nitrogen temperature (75° absolute) show that there 
are two regions of absorption: one band with its maximum about 3500 A 
and another more intense band with its maximum about 2050 A. The 3500 A 
band consists of numerous rather sharp peaks while the shorter wave-
length band is diffuse. 
The origin of the 3500 A band is at 3851.4 A as shown in Fig. 10 
and Table 3. Rodloff (37R) reported measurements on this absorption at 
liquid hydrogen temperature (20 ° absolute) in unpolarized radiation and 
gave 3818 A as the origin. Rodloff's measurements were made from a 
spectrum taken on a quartz prism epeotrograph and calibrated at only a 
few points with a mercury arc while the measurements reported here were 
made from a film from a grating instrument and calibrated with an iron 
arc. The meastxements made in this laboratory are believed to be more 
accurate and are used in preference to those reported by Rod3cff. The 
details of the measurements made here are given in Appendix V. 
The greater resolution of the 3500 A band obtained by Rodloff at 
20° absolute is complementary to the measurements made here and his data 
have been incorporated into the measurements reported in Table 11 by 





'3600 3800 N400 3300 320C 3100 
Figure 10. A Densitometer Trace of the Lc w Temperature 3500 A Absorption Ben'''. of Crystalline Sodium 
Nitrite with Radiation Polarized such the t the Electric Vector Vibrates Perpendioular to the Plane of 
the Nitrite Ion. The photograph shows tb is regi , n of the epeotrum for radiation polarized along the 
a axis (top) and along the a axis (bottom • 
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The primary significance of this work is in the use of polarized 
radiation and carefully oriented single crystals of sodium nitrite. It 
might have been expected that this rather complex band (3500 A) would 
resolve itself into two or more simpler bands with different directions 
of polarization, but such is not the case. It is completely polarized 
so that the radiation is absorbed when the electric vector vibrates 
parallel to the a crystallographic axis, i.e., perpendicular to the plane 
of the ion. No absorption could be detected in this region for radiation 
polarized in the b or o directions. 
The other absorption band in the near ultraviolet begins about 
2865 A and reaches its maximum intensity about 2050 A. It shows no fine 
structure at liquid nitrogen temperature. 
The polarization of the radiation absorbed in the long wave-
length end of this 2050 A band is such that the electric vector must 
vibrate parallel to the b axis, i.e., the change in dipole moment is 
parallel to the line connecting the two oxygen atoms of the ion, Fig. H. 
Du* to the intensity of the absorption below 2300 A, the low sensitivity 
of the film, absorption by the quartz optics, and scattering from the 
crystal surfaces it was not possible to measure the polarization in the 
thick crystal below this wave-length. A polarization of this direction 
is consistent with the refractive index (See Appendix VIII). 
No attempt was made to measure accurately the absolute molecular 
extinction coefficients of these two bands, but the maximum extinction 
coefficient for the shorter wave-length band is estimated to be about 
eight or ten times as large as the one for the 3500 A band. This 
estimate is made from films of the spectrum at room temperature where 
Wave-length, A (approximate) 
Figure 11. Polarization of the 2050 A Bend 
The above absorption spectra were recorded at room temperature in a Bausch and Lomb small 
quartz Ltttrow spectrograph. The absorption is that of a Sodium nitrite crystal out so that 
the radiation was perpendicular to the plane of the ion, i. e., the (100) planes. The crystal 
was about 35 microns thiok and 2 mm wide by 3 mm long. The optics were arranged so as to 
secure as much light as possible. The slit was removed from the spectrograph, thus the 
entrance aperture was a 3 mm hole. An image of the crystal was focused so as to almost fill 
this eperature. This arrangment meant that the scattered radiation that contained a component 
with its electric vector perpendicular to the electric vector passed by the polarizer was a 
significant part of the total radiation reaching the film. The polarizer used was a Glen-
Thompson prism recemented with glycerine, and it was located in the collimated beam in front 
of the crystal. 
Spectrum 1. 5 minute exposure, electric vector vibrating parallel to the b axis of the crystal. 
Spectrum 2. 2 hour exposure, electric vector vibrating parallel to the b axis of the crystal. 
Spectrum 3. 2 hour exposure, electric vector vibrating parallel to the a axis of the crystal. 
Spectrum 4. 5 minute exposure, electric vector vibrating parallel to the o axis of the crystal. 
the 3500 A band is diffuse. This estimate seems reasonable in light of 
the relative intensities of eight to one reported by Maslakowez (38M) for 
the corresponding bands in potassium nitrite. A rough estimate of the 
molecular extinotion coefficient of the 3500 A bend of the crystal gives 
a maximum of about thirty-four at 3500 A (Fig. 12 and Table 12). This 
estimate was made at room temperature from a crystal of about eight 
microns average thickness and large enough to cover the aperture of the 
Beckman model D. U. spectrophotometer. The fine structure evident at 
liquid nitrogen temperature is blurred at room temperature so there was 
no difficulty with slit width. Of oourse this radiation was unpolarized. 
This value is comparable to that of the corresponding band in solution 
but is probably no better than within one hundred per cent of the true 
value. This uncertainty is due to the lack of uniformity of the thick-
ness, the scattering of light from the rough surface, and the possi-
bility of holes in the crystal. It was not possible to estimate the ab-
sorption coefficient of the shorter wave-length band in this way. The 
optical cif/malty of the latter band reaches the practical limit of the 
instrument about 230 millimicrons. The uncertainty evident in the points 
recorded (Table 12) is probably due to the fact that the crystal is not 
in identically the same position for successive measurements. The in-
creased scattering at the shorter wave-length adds to the uncertainty of 
these points too. 
Discussion.--The direction of polarization of the 3500 A band immediately 
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FiEure 12. Molecular iixt:notion Coefficients of Crystalline Sodium Nitrite 






12' (no 	); 
*5 - 1/112' 	8-*) ; 
11/9 - 	 re ); 
The complexity of this band suggests either that it consists of more than 
one of these transitions or that the crystal field causes term splitting 
(39D). The transition 11 
-04 would probably lead to dissociation, 
and this interpretation is not favored by the existence of fine struc-
ture. Also the calculations of Chapter II indicate that the energy for 
the 16'11-7°64 transition is much too high to be found at this point in 
the spectrum. On the basis of the above reasoning the 7 iC 34' 4 transi-
tion can be eliminated as a possible source for this 3500 A band. In 
order to distinguish between the other three bands, additional informa-
tion is needed. 
The polarization of the 2050 A band in the b direction leaves a 
number of possible transitions that would be responsible for this absorp-
tion. The most likely transition, on the basis of calculations in Chap-
ter II, is 
* 11 	X12' (17---, n); but other possibilities 
are 
11/ 0 -9 -7 Vie °-*); 
164' (no ' cr* ); 
`64' (nN '11 ); 
(n0 6*); 
03, 
cr-* ); 343 , 
1145 , crt), (0" 
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The high energies of the last six transitions, as calculated in Chapter 
II, will allow them to be ruled out as sources of the 2050 A band. 
There is also a possibility of a charge transfer process, i.e., 
Ns+ + NO
2 
--* Na NO2, similar to that suggested by Friedman (26F) for 
the nitrite ion in aqueous solution. The energy inducing this transition 
in the crystal probably would not need to be polarized in view of the 
three dimensional crystalline structure (170). Before eliminating a 
charge transfer process as the source of the 2050 A band more information 
is desirable. 
OTHER MEASUREMENTS 
Silver Nitrite Crystals.--Crystalline silver nitrite shows no appreciable 
absorption in the 3500 A region; if present at all, it is certainly very 
mesIV us compared to the absorption in sodium nitrite at this position in 
the svctr,ir-. A weak absorption band does begin about 3100 A and either 
extends into the shorter wave-length region beyond 2400 A or merges with 
another ts-,, ,t does extend into that region. No fine structure is evident 
in this absorption at liquid nitrogen temperature. 
No polarized spectra of silver nitrite were obtained since re-
peated efforts to grow large single crystals failed. The largest single 
crystals produced were too small to orient and study spectrographically 
by the techniques available in this laboratory. To add to the diffi-
culties, the crystals that were secured rapidly darkened on exposure to 
light. The photo-decomposition is probably responsible for the absorption 
about 3100 A as reported by Belenky and .fuse (40B) for aqueous solutions. 
The author has not been able to discover another nitrite with 
144 
"bonded" electrons on the nitrogen and the same (C ) crystal symmetry 2v 
from which the direction of polarization could be determined. 
Nitromethane.--The absorption spectra of nitromethane in ninety-five per 
cent ethanol and in forty per cent ethanol, thirty per cent water, thirty 
per cent sulfuric acid (prepared to be about ten formal in hydrogen ions) 
are shown in Fig. 13 (Table 13). No absorption is observed in the 3500 A 
region, but there is a weak band with its maximum about 2700 A and a much 
more intense one beginning just below 2500 A and extending into the vacuum 
ultraviolet. No fine structure is found in either band. The 2700 A band 
does exhibit a small solvent effect in that the acidic solution has a lower 
extinction coefficient (less than 14 as compared to almost 16) and 
Haszeldine (41H) reports an extinotion coefficient of 20 in light petroleum. 
The wave-length of the maximum also changes from about 2710 A for the acid 
solution to about 2740 A for the ethanol solution. Haszeldine 0410 re-
ports the maximum in light petroleum to be at 2780 A. 
Nit romethane at the temperature of liquid nitrogen does not exhibit 
any fine structure in the longer wave - length band either. This rapid 
cooling by liquid nitrogen evidently produced a glass instead of a 
crystalline mass since the material was quite transparent. 
Nitrate Ion.--An aqueous solution of potassium nitrate shows two bands 
(Fig. 14 and Table 14) (420, a weak one with its maximum near 3000 A 
and a more intense one reaching its maximum about 2000 A. No fine struc-
ture is present in either band. Krishnan (43K) reports that both of 
these bands absorb radiation polarized so that the electric vector vibrates 
parallel to the plane of the nitrate ion. MoConnell (44Mo) attributes the 
3000 A absorption to an 	77-1, transition on the basis of the intensity 
• in 5 hi H 2S 	in 	Etheno1-6C''. Water 
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Figure 14. The Absorption Speotrn of an Aqueous Potassium Nitrste Solution 
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changes of the bands for NO 3- , HNO3 , R-ONO2 and R-N=0. However, since 
a non-bonding orbital (n) of the nitrate ion or any linear combination 
of then is symmetric with respect to the plane of the ion and all Tr 
orbitals are antisymmetric with respect to the plane of the ion, radia-
tion polarized in the plane of the ion should not induce an 	* 
transition. Thus either Krishnan's assignment must be wrong or MoConnellis 
reasoning is not substantiated in this instance. 
Ethyl Nitrite.--The absorption spectrum of ethyl nitrite was measured as 
a gas and in five solvents as follows: 
a. normal hexane, 
b. ninety-five per oent alcohol, 
c. ninety-five per cent ethyl alcohol, one formal in hydro-
chloric acid, 
d. water, and 
e. water one formal in hydrochloric acid. 
These spectra are recorded in Tables 15 and 16 and Figs. 15 and 16. The 
gaseous absorption is compared with that reported by Furkie and Thompson 
(45?). Qualitatively all of these spectra are similar in that there is 
an absorption maximum about 3600 A with some fine atruoture and a much 
more intense band with its maximum near 2200 A. 
No great effort was made to measure accurately the absolute 
extinction coefficient of the ethyl nitrite but care was taken to measure 
the relative absorption in the different solutions. For the purposes of 
this work the absolute value of the extinction coefficient is not re-
quired, but the relative change of this absorption coeffioient in the 
different solvents is significant. Hydrogen bonding or "salvation" of 
3'7)00 3/400 600 3700 7000 3800' 
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Figure 15, The Absorption Spectrum of Ethyl Nitrite Gas (The arrows, f , 
indicate the position of absorption maxima rernrted by r'urkis (45P)) 
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Fivure 16. Absorption Spectrum of Solutions of Fthyl Nitrite 
(see text) 
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the "non-bonding" nitrogen electrons on some of the molecules would lead 
to a decrease in absorption due to the 22 11 —r T1  * transition. The greatest 
difficulty in obtaining an absolute extinction coefficient was in determin-
ing the concentration of the stock solutions. The second stock solution 
(B), in ethyl alcohol, was deemed more accurate for several reasons, 
namely, greater care in preparation and less tendency to evaporate due to 
the greater solubility of the ethyl nitrite in alcohol. The error is 
estimated to be not over twenty per cent and perhaps within ten per oent. 
Though no exceptional purity VAS claimed for the ethyl nitrite the method 
of preparation (see Chapter III, p. 33 ) indicates that any error intro-
duced here would be rather small as compared to the error introduced by 
the uncertainty of the concentration. The possibility of decomposition 
was realized but successive measurements indicated this to be small. The 
loss of ethyl nitrite during dilution seems to be the greatest source of 
error, and this loss is greater from the hexane and aqueous solutions. 
Because of the greater care used in preparing stock solution B, 
the greater solubility of ethyl nitrite in the alcohol, the identical 
handling of solution VB (ethanolie) and VIE (aqueous), and the agreement 
of the extinction coefficient with that reported by Haszeldine (55.5 as 
compared to 145 for butyl nitrite in ethanol and 87 in light petroleum at 
357 and 356 millimicrons), 04IR) the measurements on these two solutions 
were considered standard. Measurements of extinction coefficients from 
other ethanolio and aqueous solutions were assumed to have an unknown 
concentration and adjusted so as to agree with VB and VIE, respectively, 
at 357-358 millimiorons. The averages of these different runs are plotted 
in Fig. 16. 
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Calculations of the extinction coefficients made from measure-
ments on solution VIA were adjusted by making its apparent concentration 
the same as that for solution VITA (ethanolio), because these two solu-
tions were made in the same way from the same stock solution and handled 
similarly. The other hexane solutions were adjusted to agree at 370 
millimiorons. The acidic ethanolio solution, IIIB, and the acidic 
aqueous solutions IVB were adjusted by changing the apparent concentra-
tion of solutions IB and IIB (the solutions from which they were made by 
addition of acid) to correct for the dilution due to added acid. The 
results of these calculations are given in Table 16. For comparison, 
the ooncentrations of the solutions as estimated from preparation and 
the concentrations estimated by absorption are tabulated also (Table 
16). 
Amyl Nitrite.--Amyl nitrite, cooled rapidly to the temperature of liquid 
nitrogen, formed a transparent solid believed to be a glass and gave the 
spectrum shown in Fig. 17 and Table 17. The absorption spectrum is simi-
lar to that for ethyl nitrite; a very intense diffuse band with its Mild-
mum near 2000 A or slightly longer wave-length and a weaker band of seven 
maxima with the strongest reaching its maximum at 3L46 A. For comparison 
the maxima of the gas reported by Purkis and Thompson (45F) are shown in 
Table 17 and indicated as lines on Fig. 17. 
Sodium 	Solutions.--The absorption of sodium nitrite solutions in 
one-tench fo -lel aqueous hydrochloric acid and one-tenth formal sodium 
hydroxide art given in Table 18 and the region from 2500 A to 14100 A is 
shown in Fig. 18. There are two bands in both cases; the more intense 
reaching its maximum about 2000 A and the weaker one located in the 3500 A 















Figure 17. The Absorption Spectrum of Amyl Nitrite Glass (Arrows, 	, indicate 

























Figure 18. Absorption of Sodium Nitrite in Basic and Aoidio Aqueous Solutions (The arrows, 
f, represent the absorption maxima of nitrcflo acid reported by Torte (46T)) 
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region. Closer observation of the basic solution reveals no fine struc-
ture. The maximum of the 3500 A band is about 3550 A. A third band, 
weaker than either of the other, appears with a maximum about 2900 A and 
overlapping the band on either side. 
The acidic solution of sodium nitrite gives the absorption spectrum 
of nitrous acid which oonsists of a band of five or six maxima at about 
358 and 371 millimiorons. For comparison the absorption maxima given by 
Tarte (46T) for gaseous nitrous acid are shown on Fig. 18 as lines and 
are listed in Table 19. Similar results are given by Kortum (47K). There 
is no evidence of a third band between this 3500 A region and the 2000 A 
band. The maximum molecular absorption coefficient of the band at 3500 A 
is greater in the acidic solution than in the basic solution by a ratio 
of about three to two. There is a change of the ratio of the extinction 
coefficients of the 2000 A band to the 3500 A band on solution. In the 
crystal this ratio is about eight or ten to one, but in solution the ratio 
is about three hundred to one. 
Nitrosyl Chloride.--Goodeve and Katz (48G) give the absorption spectrum 
for nitrosyl chloride gas shown in Fig. 19 and Table 20. It is possible 
that the diffuse band at 3350 A and the more intense band at 1970 A are 
comparable to those bands of the alkyl nitrites at similar places in the 
spectrum. 
Nitryl Chloride  .-Eberhardt (49E) and Athey (50A) report that the absorp-
tion spectrum of nitryl ohloride gas shows two bands in the 2000 A - 
4000 A region also. A very intense band reaches its maximum somewhere 
below 2400 A and a weaker band has a maximum about 3000 A; neither shows 
any fine structure. 
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Ozone.--Vigroux (51V) has summarized the absorption spectrum of ozone, 
a system isoeleetronic with the nitrite ion. There is a very intense 
band about 2500 A (Fig. 20 and Table 21) and one not so intense with a 
maximum about 6000 A (Fig. 21 and Table 21). The one at 2500 A shows 
some fine structure superposed on the long wavelength end which has its 
origin at 3514 A. The 6000 A band also shows several maxima (Fig. 21). 
Nitrogen Dioxide.--Nitrogen dioxide exhibits two regions of absorption 
of interest. Harris and King (52H) report that the strong absorption 
band beginning at 2L91 A is polarized along the axis of symmetry of the 
approximate symmetric rotor, i.e., parallel to a line joining the oxygen 
atomi. This suggests that it is a fi --P0* transition. The region between 
4000 A and 9000 A probably contains two or more electronic transitions 
but haJ not yielded to detailed analysis. 
DISCUSSION OF SODIUM NITRITE ABSORPTION BANDS 
The only conclusive evidence presented here is the polarization of 
the radiation absorbed by the nitrite ion, however, by reasoning based on 
absorptions in similar substances it is believed that a definite assign-
ment can be made for the transition giving rise to the absorptions. This 
reasoning is presented below. 
The 3500 A Band.--The 3500 A band in crystalline sodium nitrite seems to 
be predominately due to a transition whereby one of the electrons of 1 ,9 , 
which is primarily localised on the nitrogen atom and not shared by other 
atoms, is promoted to 11P12' an antibonding m orbital. The absorption due 
to transition, 1,9-- IP12 (nN 	in the crystal seems to be complicated 
by a weaker underlying transition I/1
7 
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Figure 20. A Portion of the 255e A Band of Ozone ;P-ints from Vigreux .51V.) 
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Figure 21. The 6020 A Bend 7f 	one (Points from Vigreux (51V)) 
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of this band may come from splitting in the crystal field (390). This 
second transition promotes an electron which is in a molecular orbital 
localized on the oxygen and designated as a non-bonding oxygen electron. 
The grounds for this assignment are given below. 
The absence of a band at 3500 A in silver nitrite where, though 
crystal structure is the same except for spacing, there seems to be an 
electron pair bond between the nitrogen atom and the silver atom. The 




] - complex (53N) seems to 
verify the existence of this bond. This electron pair bond would 
stabilize the "non-bonding" electrons on nitrogen and thus shift the 
absorption due to transitions involving these electrons farther into 
the ultraviolet. 
Likewise, in nitromethane, where there is oertainly a bond between 
carbon and nitrogen that uses the orbital of the NO
2 group comparable to 
T"
9 
 of the ion no absorption is found at 3500 A. No non-bonding nitrogen 
orbitals exist in the nitrate ion since the bonds to the oxygen atoms 
would require all three of the sp
2 
orbitals, As would be expected there 
is no absorption in the 3500 A region in the nitrate ion. 
On the other hand the alkyl nitrites, nitrous acid, nitrosyl 
chloride, ozone and nitrogen dioxide have absorptions that could be 
attributed to a transition comparable to the nil —, 77* . 
The question arises as to the possibility that one of the remain-
ing pair of non-bonding electrons on the alkyl nitrites and nitrous acid 
would give rise to an n
0  Tr * transition. Of course all of these non- 
bonding orbitals will be combined to give a set of molecular orbitals, 
as was the case in the nitrite ion though neglected there. However the 
ro 
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orbital that has the greatest contribution from oxygen AO's (n0) will be 
more stable in R-O-N=0 than in the nitrite ion due to a decrease in for-
mal charge on the oxygen from - 1/2 to zero. This would tend to shift 
the absorption farther into the ultraviolet. This concept is in agree-
ment with the fact that formic acid shows no absorption until the wave-
length is about 2500 A or less (540). In the case of formic acid the 
"nN" electrons are stabilized by the hydrogen attached to the carbon. 
A comparison of the 3500 A band of nitrous acid and ethyl nitrite 
with the 6000 A band of ozone shows a striking similarity (Fig. 22). The 
extensive absorption of nitrogen dioxide may well be due, in part, to a 
comparable transition in that molecule. Dinitrogen tetroxide shows no 
absorption above 4000 A (55H). 
The 3350 A band in nitrosyl chloride suggests that it is due to 
this same type transition. The intensities of all of these bands are of 
the right magnitude for an n -+77 - * transition (27K). 
The position of the bands in the more similar of these substances, 
namely nitrite ion ( il max 3550 A), nitrous acid (A max 3570 A), ethyl 
nitrite ( Amax 3570 A), and nitrosyl chloride (A max 3350 A), also suggests 
that the transition is of the same origin in all of them. All of the 
bands in ozone and nitrogen dioxide (see below) seem to be shifted to 
longer wave-lengths. 
Nakamoto (11w) ascribes the band at 760 millimicrons in 
m-nitronitrosobenzeno to an nx -,11r* transition of a non-bonding electron 
on the nitroso-nitrogen to a T orbital of the molecule. The longer wave-
length is not surprising in view of the fact that the -e orbital involves 
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Figure 22. Comparison of 3500 A Band in Nitr_t Acid and Ethyl Nitrite 	A020 A Band 
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The existence of a weaker absorption at about 2900 A in aqueous 
sodium nitrite is believed to be due to a transition '3Z (n 	*). 7 	12 0 
This band is believed to underlie the 3500 A band in the crystalline 
sodium nitrite. Since it involves an electron on an oxygen atom which 
is essentially unshared by a second atom it is not surprising that it 
would undergo a "blue shift" (MOW on dissolving in water. These 
electrons must be quite basic since nitrous acid is formed when protons 
react with the nitrite ion. In nitrous acid the hydrogen is attached to 
an oxygen instead of the nitrogen atom. This assignment seems to be 
verified by the absence of this third band in nitrous acid and the alkyl 
nitrites (R-ONO). The weak bands in silver nitrite, nitromethane, and 
nitryl chloride are probably due to a non-bonding oxygen electron being 
raised to an entibonding it orbital since there are no "free" electrons 
on the nitrogen atom. The absorption in nitromethane shows a solvent 
effect as expected for a n --,-As` transition (/4/4M0). 
An absorption band due to the n 0--.7r* transition in ozone is 
probably the one beginning at 35114 A. In nitrogen dioxide a comparable 
transition probably gives rise to some of the absorption in the 4000 A 
to 9000 A region. This extensive band between 9000 A and 4000 A has not 
yielded to separation into individual electronic transitions. Since there 
should be two such transitions involving non-bonding oxygen electrons 
these transitions could be the origin of a second and third band in this 
region of the nitrogen dioxide spectrum. In N 204 there is no absorption 
above 000 A (55H) and the two bands with maxima near 2600 and 31400 A 
are probably due to non-bonding oxygen electrons jumping to an antibond-
ing 11 molecular orbital. A longer wave-length than found in nitromethane 
4 
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would be expected due to the antibonding 0 in the N204 involving a 
larger part of the molecule and thus having lower energy. A shorter 
wave-length then in nitrogen dioxide is probably due to a higher energy 
of the non-bonding orbitals as the 0-N-0 angle becomes more nearly 180 ° 
(25W). The nitryl chloride absorption band with its maximum about 
2900 A is probably to be ascribed to the raising of a non-bonding oxygen 
electron to an anti-bonding 77 orbital. 
The 2050 A Band.--Primarily on the basis of its polarization the very 
intense absorption band of the nitrite ion at 2050 A is assigned as a 
TI -.47- * transition 	—.3612) and is comparable to similar bands in 
nitrous acid, alkyl nitrites, nitroalkyls, silver nitrite, nitryl chloride, 
nitrosyl chloride ( max 1970 A), ozone (Amax 2550 A), nitrogen dioxide 
(A max 2491 A), and nitrate ion ()) max 2000 A). All of these bands are 
very intense as would be expected for 7F-07 r* transitions (27K). The 
rotational analysis of the nitrogen dioxide band at 21,.91 A (52B) indi-
cates the electronic transition is polarized properly for a ii-,7T* 
( 1-1-11—" 1412 ) transition. 
The possibility of a charge transfer being the origin of this band 
can be further discounted. Rabinawitoh (56R) assigns this band in sodium 
nitrate to such a process, but states that the molecular extinction co-
efficient should reach or exceed 104 . The intensity of the absorption in 
the crystal, on the basis of Rabinowitchts intensity requirements, is not 
a charge transfer (log E max 	 m 
=2.5 for NaNO2 as compared to logb ax = 
4.05 for NaNO3 ). However, the increased intensity of this band in 
solution could be, at least in part, due to a charge transfer (see 
Appendix VII). 
Thermodynamic data for the process 
NaNO2 (Bolt1). Na(gas) 	
NO2(gas) 
indicate the energy would be equivalent to about 2380 A (see Appendix 




)  , 
	H 
- (gas)+ 0I1 (aqueous) 
corresponds to about 2880 A. It is reasonable to assume that the energy 
difference for the charge transfer process in solution and in the crystal 
is of the same order of magnitude as that indicated by the thermodynamic 
data. This would place the absorption in the crystal about 7000 cm-1  
above that in solution or about 1800 A if the 2050 A band in solution is 
assumed to be due to charge transfer. On the basis of thermodynamic cal-
culations outlined in Appendix VII strontium nitrite is the most likely 
substance considered which would give a charge transfer spectra in the 
crystal above 2000 A. Silver nitrite is not ionic, judging from the 
previous reasoning, and the process could not be readily described as a 
charge transfer. 
Comparison of  the Band Separations.--Ferhaps the best way to compare the 
venous bands in the different substances is to compare the differences 
in the energy of the transitions. The accompanying figure depicts the 
significance of these numbers. 
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h v 
Separation of nu---.-w * and ir-,7,- * 
bands in wave numbers (3, , cm-1 ). 
1  Separation of ncrw * and w- -..iw* bands 
Figure 23. Promotional Energy and Band Separation Diagram 
The way that the separation of these bands changes from one substance to 
another is an indication of the relative stabilities of these orbitals, 
These separations are listed in Table 3. 
If it is assumed that the difference in energy of the 	and it 
orbitals is 13000 cm -1 for the typical triatomic system and the dif-
ference between the n
0 
 and Tr orbitals is 8000 cm
-1 
then any deviation 
from these values should. give insight into the behavior of these orbitals 
under various conditions. 
A separation of the nw --, w * and n-'ir* transitions smaller than 
13,000 cm 1 could be due to 
(1) stabilization of the n orbital by 
(a) increase in its s-character as the 0-N-0 angle decreases 
(25ff) or 
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Table 3. Comparison of Bend Separation* 
Substance A B 
Nitrite Ion (crystal) 9040 cm
-1 7603 cm-1 
Nitrite Ion (solution) 13400 8500 
Silver Nitrite (crystal) 3000 
Nitrous Acid 13000 
Ethyl Nitrite 13000 
Amyl Nitrite (glass) >7000 
Nitrosyl Chloride 3100 
Ozone 12400 Eva 
Nitrogen dioxide 15000 
Dinitrogen Tetroxide 1250o 
Nitryl Chloride 9500 
Nitro-nitrosobenzene 9200 
*For the origins as estimated, see Chapter V. 
Column A is a measure of the energy difference of the nm and Tr 
orbitals expressed in wave numbers (cm -1 , P). 
Column B is a measure of the energy difference of the n 0 and TT 
ortitals. 
(b) increase in "effective" nuclear charge of the nitrogen 
atom, 
(2) destabilization of the worbital by 
(a) a decreased number of atoms involved (conjugation), or 
a combination of these. A separation larger than this value could be 
due to a change of the above in the opposite direction. 
A separation of the n0 and it orbitals by en energy larger than 
8000 cm-1 could be due to 
(1) destabilization of the no orbital by 
(a) less overlap with other no orbitals due to increased 
0-N-0 angles (25W), or 
(b) decrease in the interaction of these orbitals with a 
solvent, 
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(o) decrease in the effective nuclear charge as more electrons 
are "concentrated" on the oxygen atoms, 
(2) stabilization of the 4,orbital as a result of greater conjuga-
tion, or any combination of these effects. A decrease in the energy 
separation could be ascribed to the reversal of these effects. 
The separation of the nx and -el orbitals for crystalline sodium 
nitrite smaller than 13000 cm-1 is probably due primarily to an increase 
in s-character of the nw as the 0-N-0 angle decreases in the crystal 
field. 
The small separation of the no and leorbitals in silver nitrite 
may suggest that there is not suoh a high concentration of electrons on 
the oxygen since the substance is probably not as ionic as sodium nitrite. 
The 7000 cm -1 separation tabulated for amyl nitrite may not be 
correct since it was estimated from a curve not too suitable for such an 
estimate. Purkis and Thompson (45P) report its absorption as almost 
identical with that of ethyl nitrite. 
The small separation of the mil and 77 in nitrosyl chloride is 
probably due to increased effective charge of the nitrogen nucleus as the 
chlorine atom "withdraws" electrons. Also the 7r orbital is probably de-
stabilized due to lack of a vacant p-orbital on chlorine. 
In ozone it would be expected, on the basis of increased nuclear 
charge, that the no and -N orbitals would be more widely separated than in 
the nitrite ion but it seems to be in the opposite direction. However, 
if the n0 --0 rr* transition that corresponds to the one in the nitrite ion 
(I P7 - 	12 , 1P ) at 3100 A in solution ware at about 6000 A, underneath the 
nu—...) Tr* type band, and the band at 3514 A were assigned to a transition 
corresponding to k5 	12 (110—"-Tr *) this would be reasonable. This 
If 5 	11112 (no -, 7*) transition is assumed to be hidden by the -71- --577- * 
transition in the nitrite ion and other substances. 
The large separation of the n0 and Tr orbitals in the nitrogen 
dioxide and dinitrogen tetroxide suggests destabilization of the n o 
orbital in NO
2 
due to larger 0-N-0 angle and the stabilization of the Tr 
orbital in N204 due to conjugation over a larger system. 
The smaller separation of the nu and Ti orbitals in nitro-nitroso-
benzene indicates that the nu orbital is stabilized more than the n- orbi-
tal. The stabilization of the nu orbital is probably due to a combina-
tion of increased s-character of the orbital and increased effective 
nuclear charge due to electron "withdrawing" power of benzene ring. Of 
course the 1Torbital should be stabilized due to conjugation with the 
benzene ring. 
CHAPTER V 
CONCLUSIONS AND RECOMMENDATIONS 
Conclusions.--Crystalline sodium nitrite at a temperature of 75° absolute 
was found to have an absorption band containing much fine structure with 
its origin at a wave-length of 3851.4 A. The absorbed radiation must 
have its electric vector vibrating perpendicular to the plane of the ion. 
This band was interpreted as having as its origin two electronic transi-
tions in which non-bonding electrons of the nitrite ion are raised to an 
anti-bonding -a - molecular orbital. The transition involving the electrons 
on the nitrogen atom of the ion was assumed to have its origin at 3851.4 
A while the transition involving the non-bonding oxygen electrons required 
slightly more energy. Though no detailed analysis of the fine structure 
VAS possible the basis for this assignment is in comparison with spectra 
of similar substances suoh as silver nitrite, nitromethene, nitryl 
chloride, which have no absorption at this point in the spectrum; and 
ethyl nitrite, nitrous acid, and nitrosyl chloride, which do have absorp-
tion at this point. These assignments are consistent with quantum 
mechanical calculations for the nitrite ion made on the basis of overlap 
integrals and valence state promotional energies. 
An aqueous solution of sodium nitrite showed no fine structure but 
gave an absorption band with its maximum at about 355 millimicrons which 
has been ascribed as a transition in which a non-bonding nitrogen electron 
is raised to an anti-bonding it orbital (mg---', Iir*). In addition another 
weaker band with its maximum near 2950 A is attributed to the non-bonding 
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oxygen to anti-bonding Tr transition (:16- Tr*). This band is thought to 
be superposed on the short wave-length part of the n ic-slr* band in the 
crystalline spectrum thus making a detailed analysis of the fine struc-
ture more difficult. It also served to broaden the band in the spectrum 
of the crystalline sodium nitrite. 
The polarization of the much more intense band of the nitrite ion, 
which has its maximum about 2050 A, is parallel to a line joining the 
oxygen atoms. This fact and evidence from the spectra of nitrogen di-
oxide and other similar substances has led to the assignment of this 
absorption to an electron passing from a non-bonding It-orbital ( V11
) 
to an anti-bondingll orbital (lfr12 ). 
Assignment of the transitions in similar substances is summarized 
in the table below. Factors leading to these assignments were polariza-
tion (when known), similarity of fine structure, solvent effects, posi-
tion in the spectrum, and intensities. 
Table 4. The Assignment of Absorption Band Origins in the Nitrite Ion 
and Some Similar Substances 
Substance A 
C 
Origina m ax Origin
a emax  Origin
a  Emaxb 
Nitrite Ion 
(crystal) 3851 A 35 3650 A ? 2860 A 350 
Nitrite Ion 
(aq. soln.) 3900 25 3280 10 2560 7500 
Silver Nitrite 
(crystal) ---- -- 3100 10* 2860* ? 
Nitrous Acid 3850 39 ____ -- 2560 >1000 
Ethyl Nitrite 
(hexane soln.) 3650 65 ---- •••••• 2560 '1000 
Amyl Nitrite 
(glass) 3850 50* ---- -- 3000 1120 
Nitrosyl Chloride 3340 33 ____ .... 3000 2550 
Ozone 6250 1.33 3520 0.6 3514 2700 
Nitrogen Dioxide ? 9 4000 3)4 2500 ? 
Dinitrogen- 
Tetroxide ---- -- 3640 34 2500 9 
Nitrate Ion 
(eq. soln.) ---- ... 3220 7.3 2700 22000 
Nitryl Chloride -__- -- 3600 10 2670 3000 
Nitromethane ---_ -- 3100 16 2560 ? 
Nitro-
nitrosobenzene >7700 1.1 4500 2.2 
Column A is for bands assigned to nu ---,Tr* transitions. Column B 
is for n0 
 Tr* transitions. Column C is or ---'71* transitions. 
aThe origin is given in terms of wave-length, A, of the radiation 
inducing the transition. 
b
The maximum molecular extinction coefficient for the band is 
given under E max when it is known. 
*Values so marked are not more than a rough estimate. 
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Recommendations. --Sorge of the measurements reported in this work, though 
accurate enough for the purpose of this effort, are not altogether satis-
factory in other respects. Therefore some suggestions for further work 
are enumerated below. 
The absolute value of the molecular extinction coefficient of 
ethyl nitrite in various solvents, similar to the ones reported here, 
should be measured. 
Some technique should be developed by which large single crystals 
of silver nitrite can be grown and oriented for study in polarized ultra-
violet radiation to confirm the conclusions reported herein. 
The effect of increasing the hydrogen ion concentration on the 
intensity of the nitrous acid absorption in the region around 3500 A 
should also be checked with precautions to be sure that any change is 
not due to loss of nitrous sold by evaporation. 
The polarization of the longer wave-length absorption of the nitrate 
ion should be checked to be sure that Krishnan's assignment is correct. 
Further study should be made of the fine structure of the nitrite 
ion absorption in the low temperature spectrum of the crystal. A de-
tailed analysis of this band would be a great aid in a more complete 
understanding of this triatomic system. 
APPENDIX I 
CONSTRUCTION OF SYMMTRY ORBITALS 
From four AO's one can construct four and only four MO's of the 
form (15C) 
'16 mr b1 Ø1
+ b2J 02 
+ b3J 03  + b4 fifi4 
but with four AO's it is possible to make more than this number and still 






+ b2 = 1. To simplify the construction assume equal contribu- 
14 
2 	2 tion from each AO in every MO, i.e., 2 	b 2i b3i = 	1/4 and the 
following MO's can be written: 
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The only MO's that are suitable are those which can be represented by an 
irreducible representation from those of the symmetry determined by the 
location of the nuclei, i.e., C 2v 
(58E). To determine which MO's are 
suitable and which are not, their behavior when certain transformations 
are made must be determined. The same results come out of the secular 
equation but it is easier to construct the MO's by inspection as indi- 
cated in this Appendix. Under transformations corresponding to the ele-
ments of the group, C27, the eigenfunction must remain unchanged except 
for its sign which may or may not change. Sufficient to characterize the 
behavior of the C
2v 
 group are the transformations of rotation about the 
z-axis by 1800 , C2 , and reflection in the plane of the ion, 0-1m . Since 
AO's p11 , /2, pry, and 04 are cylindrically symmetric with respect to the 
line joining the nuclei, they are symmetric with respect to reflection 
in the plane of the ion, that is, they do not change sign on reflection 
in this plane. They do change under the operation C 2 however and pri is 
transformed into pL, /2 is transformed into 6, 03 into 02 and 04 into 
These and the other AO's are listed in Table 5 along with the funo- 01 , 
tion resulting from the operations C2 
and or,e It is obvious from the 
table that only 09 is a suitable orbital and thus there is need for the 
linear combination of AO's. 
From the behavior of the AO's the behavior of the MO's made from 
them can be deduced, for instance, Via undergoing the operation C2 gives 
;(fr4  +%3 + X12 + 01 ) or Ap a . Applying this principle to all of the MO's 
written on the preceding page shows that only four are symmetry orbitals. 
These are shown in Table 5 along with the symbolic representation for 
their transformation properties. The other linear combinations, lid 5 to 
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Table 5 . Transformation Properties of AO's and MO's with 
Representations for MO's 
Atomic Orbitals 	 Molecular Orbitals 
Orbital Symmetry Operation Orbital Symmetry Operation 
O2-i 	cr 02 11,j xzj Representation* 
i11 	01 	911 	 141 	a 	 a 
	Al 
02 	213 	X2 	glib 
	 none 
03 02 03 c 	none 
04 	01 	%14- 	 i4c 
	 none 
%6 	05 	14i 	rb 
	
i4e 	none 
06 	05 	05 if °°2 	 f 	B 1 
07 	/8 07 	g 3/14. - 
	
B 1 
08 	07 	08 	 34 3 	61 	7h 	Al 
09 	09 	5 	05 Al 
010 	.112 	110 	46 B 1 
01 	-011 	"011 	 IA7 
	 A
l 







*The term symbols used to indicate transformation properties are 
defined by Herzberg (181). 
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40 can be constructed in a similar manner; they are as follows: 
12 
15= 205 + 06 + + 08 ), 
''r 	+ 07 - 5C8), 
= (9f5 C‘6 g(7 Cid ' 
19 a  jg9 
	
= Xi 0 	ra/U. 	' 
11 	10 - 12 ) , and 
t4°10 - 1/7 9f11 9112 )• 
1 
APPENDIX II 
CALCULATION OF OVERLAP INTEGRALS 
The evaluation of the overlap integrals S AB pp* IPA B  dT used in 
this work is based on the overlap integral tables of Mulliken (20M). 
However since the atomic orbitals that are used herein are hybridized 
orbitals which are not embraced by Mulliken's tables, suitable linear 
combinations have been made. Consider the following general example: 
Proceed to calculate the overlap integral of the hybridized AO's, A on 
atom A and B on atom B at the usual angles as indicated in Fig. 24, where 
IT=as sA  + a ZZA , TF=bs sB +bzZB'  and 5A' s B are 
A B 
S 	  B (4// 'A 
Figure 24. Vector Representation of Hybridized AO's. 





directed along A and B respectively. 
Define a new set of AO's, YA, ZA, YA and ZA, represented 
pictorially in Fig. 25, then 17. as sA + a;ZA + yi and r. bse B + 
b'Z' + b'Y'. 
zB 	yB 
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Figure 25. Vector Representation of Non-hybridized AO's. 
Treating Z, Z', and Y' as vectors (570, ZA ZA cos 9A + Yi sin 9A and 
ZB 	B 
= Z' acs 9B 	B 
+ Y 1 sin @B 
This gives 
A = as sA + a z
(cos 0A 
 Z'A  + sin 0AA 
 Y') 
B a bs s B + bz (cos 9BB  Z' + sin 9BB  Y') and 
SAB /ABdV 	a a b aisAs BdT + aab z cos 9B/SAZidg + a z 
 b 
s
oos 9AiSeidT + 
a z b z  (sin 9A
sin ern'tABYldT + oos 9A cos 8BitAB'Z'dT ). The 
terms iS AyidT ABYldr = 0 and IZATt = fliqdrc = 0 because of 
orthogonality and have been dropped. 
From this formula the overlap integrals used herein will be calcu-
lated. To illustrate with the system of the nitrite ion the following 
assumptions were made: (a) the hybridization is trigonal, i.e., a = 1 , 
O) the O-N-0 angle is 120 ° , (c) the 0-N distance is 1.23 A, and (d) the 
formal unit negative charge on the ion is distributed such that each 
oxygen atom is - 1/2 and the nitrogen atom is neutral. Using Mulliken's 
notation (20M), NN = 1.95 and po = 2.19 (the average of KO  and po-). 
From this values for pAB = (pA + p B )R/2aBi and tAB = (FA 113 )!(,FA PB) 
were calculated, where R is the inter-nuclei distance and 	is the first 
mo 
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Bohr atomic radius for hydrogen. 
For overlap between AOts on oxygen and nitrogen pow = 4.80, 
tON = 0.058 and tNO 
= -0.056. From Mulliken's tables for p = 4.80 
28,28 for t = 0.0, S = 0.330 and for t = 0.1, S = 0.331; interpolating 
for t = 0.058, S = 0.331. Similarly the other S's are found and the 
results recorded in Table 6 along with values found for oxygen-oxygen 
overlap for which t = 0 and p = 8.8. 
























The following is an illustration of the calculation of the over-
















= 1. Assuming trigonal hybridization, i.e., 





0. = + ../S (1)(0.380) + 4T- (1)(0.332) + 	(0)(0.183) + 3 
3
31 	
5 	 P 	 3 
11 
2 
.4- (1)(0.322) = 0.110 + 0.335 + 0.215 = 0.660. 
.' 
Likewise the others have been calculated and the results are tabulated 
in Table 7. 
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Table 7. 	Overlap for Hybridized AO's in the Nitrite Ion 






1,2; 4,3 0 0 0.660 
1,3; 	1,9; 4,2; 4,9 0 120 or 240 0.070 
5, 2; 7,2; 8 ,3; 6,3 120 or 240 0 0.104 
5,3; 6,2 120 240 0.096 
7,9; 8,9 214.0 120 0.096 
5,9; 6,9 120 120 0.088 
7,3; 8 , 2 240 240 0.088 
10,11; 12,11 - - 0.183 
Oxygen-Oxygen 
1,4 30 30 0.094 
7,8 270 270 0.021 
5,6 150 150 -0.002 
5, 8 ; 6 ,7 150 270 -0.013 
5,4; 1,6 60 150 -0.013 
7,4; 1,6 60 270 0.027 




and 8B are angles as indicated in Figs. 214 and 25. 
APPENDIX III 
VALENCE STATE PROMOTIONAL ENERGIES 
The molecular orbital calculation carried out in Chapter II has 
as its primary consideration the interaction of the electrons and the 
nuclear framework and indeed the coulomb integral was assumed to be the 
same for electrons about the nucleus of the oxygen as for the electrons 
about the nitrogen. Of course this approximation is not good and the 
calculation in this Appendix is an attempt to refine this approximation. 
The two transitions that are of interest in this respect are the 
resulting in excited state A, and the no —era*, resulting in 
excited state B. In order to ascertain the energy of these transitions 
a circuitous route must be taken which is outlined below. 
Beginning with the atoms in the ground state there are two hypo-
thetical paths that can be followed to arrive at the two different ex-
cited states as follows: 
For the transition nii -ewn*, the first path consists of three steps: 
(a) the separated atoms in their ground state (Xa ) going to the 
separated atoms in their valence state as found in the molecule in its 
ground state (X
v ), 
(b) the separated atoms in their valence state (Kir ) combining to 
give the molecule in its ground state (X m ), and 
(o) the transition 	which gives the excited state (A). 
The second path consists of two steps: 
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(a)the separated atoms in their ground state (X a ) going to the 
separated atoms in the valence state found in the excited molecule (A a ) 
and 
(b)the atoms in the excited valence state (A a ) combining to give 
the molecule in its excited state (Am ). 
These two paths could be outlined symbolically as follows: 
E 	 E2 
Xa --L . X v 	
X
m 
i E3-E 1 	E 
' 'EA L_ 	E 3 	 4 




where the energies of the various transitions are designated as indicated 
by the symbols adjacent to the arrows. 
A similar scheme for the transition no —wiT* is 










The difference in the energy BB and EA is the value that is 
desired, therefore, since 
EA E3 + E4 - E l - E2 and 







EE &A = E5 E6 E3 E4 
But it will be assumed that E4 and E6 are equal and then 
83 
EB EA = E5 - E 5 . 
Mulliken (59M) has listed some valence state energies, but the 
valence states that he gives do not include those for hybridized orbitals. 
Using a linear combination of the atomic orbitals to make hybrids the 
promotional energies can be calculated just as they were for the non-
hybridized orbitals. 
Writing the hybridized orbitals as in Chapter II, p. 6 
/1-2a  R 





°R2 /1'2 Px 
	 P z 
0 
0R3 	 s 	ATaRps , and 
0it4 °6 FY I 
will permit a description of the valence state of an atom in terms of 
hybridized orbitals. The following configurations can be written 1 
d l d 1 d 2 d 1 
Is PR' ' rR2 ' rR3 ' rR4 
zi. dldldldl rR1 ' rR2 rR3 rR4 
	
X
2 d 2 	
2 
rat 





17. J‘1' %172' 0R31 ' rkt. 
d 1 dld1d2 
V. rR1 ' rR2 ' rR3 rR4 
VI. d 2 d 1 	3 1 , di004.2 rR1 ' rR2 ' rR r 
1The calculation outlined here follows the calculation made in 
detail by Eberhardt (60E). 
It should be noted here that configuration I corresponds closely 
to the valence state of the nitrogen atom in the ion in its ground state 
and in state Bm . Configuration III corresponds to oxygen in the ion in 
its ground state and in state A M' V to nitrogen in state Am and VI to 
oxygen in state Bm . 
The energies of these configurations can be written as a sum of 
coulomb, exchange, and repulsion integrals; for example the energy for 
configuration I is 
El  -11 + 12 + 213 + 14 + J(12) + 2J(13) + J(1,4) + 2J(23) + J(24) 
+ 2.1 (34) + 2J(33) - 1/2K(12) - K(13) - 1/2K(14) - K(23) -
1/2x(214) - K(34). 
The notation used here is the same as that used by Eyring, Walter, and 
Kimball (61E) except that hybridized orbitals are used here instead of 
the unhybridized atomic orbitals. 
According to the reasoning above the energy needed is E 3, however 
it is easier to calculate E
3 
 - E 1
, 
i.e., the energy of the transition 
xvv, than it is to calculate E 3 
(xav ) and the results are just 
as useful. As a result of the foregoing argument it can be assumed that 
the transition nil—en* involves energy equal to Ev - EI and the transi-
tion no 	involves energy equal to Evi E111 . To evaluate the 
integrals, in terms of which the energy differences are expressed, it is 
necessary to expand the integrals in terms of non-hybridized atomic 
orbitals in real form. This necessitates conversion of the integrals J 
and K in exponential form to J's and K's in real form. The results 
obtained by Eberhardt (60E) for this conversion are presented in Table 8. 
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Table 8. Hybridized Integrals Expressed in Terms of Non-hybrid Integrals a 
Hybridized 
Integrals 
Value in Terms of Non-hybrid 
Integralsb 
J(11) J(22) Fo 	+ 2a
2
(1-a




+ 16 a4  F2 
J(1.44) F 	+ 2 
J(12) Fo 	- 2a4 F1 + (2 + 4a2 + 4a4 ) F2 
J(13) . J(23) Fo 	- 2a
2(1 - 2a2 )F1 + 2a2 (1 - 4a2 )F2 
J(14) '= J(24) = Fo 	- 2 (1 - a
2) F2 
J(314) = Fo 	4a
2 F2 
K(12) = 2a2 (1 - a2 ) F1 + ( 3 - 6a2 	LIA ) F2 
K(13) = K(23) . (1 - 3a2 - 454 ) Fi + (7a2 - 8a4 ) F2 
K(I4) = K(24) 	 . a
2 
F1 + 3 (1 — a
2
) F2 





= I 	a2 (I
P 







 - I$ ) 
aThese results were obtained from Eberhardt (60E). 
bThe notation used is that of Eyring, Walter and Kimball (61E) with 
the exception of F . their F° , F1 1/3 Fl 	Gl, F2 = 1/25 F2 = 
1/25 G2, Is = I(2,B;2,0), and Ip = 1 ( 2 , 1;2,1). 
°The assumntion that there is only one value of Fo is made in these 
calculations, i.e., it is assumed that the repulsion between two electrons 
is the same for electrons in s and p orbitals as for electrons in two p 
orbitals. 
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From Table 8 and the energies expressed as a sum of integrals 





)(1 - 2a2) + F1  (1 -
2 + 
F2 ( -3 + 8.5 a
2 - 4a4 ) and 
4 EB = (Ip - is )  a2 + F1  (0.5a
2 + 2a4 ) F
2
(-4.5a2 - 14a ). 
For trigonal hybridization a = 1// and 
E
A 
= 	(Ip - Is ) + 0.1111F 1 + (-0.6111)F2 and 
EB = 1/3 (I
p - Is ) + 0.2888F 1 - 4.6388 F2 . 
It should be noted at this point that EA involves changes on the nitro-
gen atom only while E B involves changes on the oxygen atom only and as a 
result the I's, F 1 'a and F2's must be evaluated for nitrogen for use in 
EA and for oxygen for use in EB . 
Using the values of these integrals as recorded in Table 9 the 
results recorded below can be obtained. 
E
A = 1/3 (12.6 e.v.) + 0.1111 (2.5L e.v.) - 0.6111 (0.25) 
= 4.20 + 0.28 - 0.15 = 4.33 e.T. 
EB = 1/3 (16.8 e.v.) + 0.2888 (3.54 e.v.) - 4.6388 (0.36 e.v.) 





= 0.62 e.v. or 5000 cm-1  . 
I 
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Value for Nitrogen 	Value for Oxygen 
12.6 e.v. a 
	
16.8 e.v.b 
F1 	 2.54 e.v. 	 3.54 e.v,d 
F2 
	 0.25 e.v. a 
	
0.36 e.v.f 
aThis evaluation is made from the following states from Mulliken's 
Table III (59M): 
The average value is 12.6 e.v. 
N (a y 
N (s 2xyz,V2 ), 1.33 
a's v 1 ) ' 3 . 06 e.v. and (sx2y2 ,V1 ), 15.69 e.v. 
e.v. and (sx2yz,V
3 
 ), 13.86 e.v. 
b This value is made as above from the following states: 
2 n (s2xyz,V
3





y,V1 ), 4.29 e.v. and (sx2 y
2 I ,V1 ), 21.57 e.v. 
0- (s 2x2yz,V2 ), 0.67 e.v. and (sx2y2z,V2 ), 17.08 e.v. 
The average value with equal weight for the 0 - and 0 is 16.8 e.v. 
F. + 6F2 tsec iqllikents Table II (59M). Mulliken estimates 2D (sp4 ) For 
n!tre7;en to be 14.96 e.v. (13.86 + 1.10 e.v.) above the ground state ( 48) 
eFl is evaluated from the relationship the 2D (sp4) - 4p (84) 
(Table III of reference 59M) and Backer and Goudsmit (62B) give 10.92 e.v. 
(1)745 - 29192 cm-1 ) for the 41° (sp4). Thus F1 + 6F2 = 4.04 e.v. end 
if F2 = 0.25 e.v. (see below), F 1 . 2.54 e.v. 
dF l , as above, is evaluated from 2D ( 8 p4) - 4p (sp4) = F1 + 6F2. 
Bacher and Goudsmit give this energy to be 5.70 e.v. (1630ry - 117025 eA 
(62B) ane F 1 = 3.54 e.v. where F2 . 0.36 e.v. (see below). 
e cm -• 82 9 Mulliken (Table III, reference 59M) estimates G2 = F 2 = 	 
or 0.25 e.v. for nitrogen. 
- fMulliken (Table III, reference 59M) estimates G 2 . F2 . 1311., om-I 
 
4.5 or 0.36 e.v. 
APPENDIX IV 
INCLINATION OF A CRYSTAL, PLANE TO A FACE 
A light ray that travels through an anisotropic crystalline sub-
stance such that the electric vector does not vibrate parallel to one of 
the crystal axes will have a refractive index different from that measured 
along the crystal axes. It will be intermediate between the refractive 
indices of the axes that lie in the same plane as the electric vector 
(or its components). 
For example, suppose that a crystal of sodium nitrite contained 
the a axis in its face, but the perpendicular to this axis is neither the 
b nor c axis though it lies in a plane containing them. Designate the 
between the c axis and the face by 8 as indicated in Fig. 26. 
b axis 
\\ \ \ 	\ \ •• 	 \ 
\ \ 	 \ 	 \ 	v` 
\ \ 	 \ 	 \ 
\ 	 \‘`' 	 \ 
 
A 	crystal face  
,■ „` A \\ \\\ \ v q:\ 
 
c axis 
Figure 26. The Angle of the Crystal Axis to the Face of the Crystal. 





where p and q are as indicated in Fig. 26. Then it can be written that 
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p s AO sin 8 n'sin 
q = AO oos 8 = n' cos 
where n' is the refractive index of the substance to radiation which has 
an electric vector vibrating parallel to OA. For sodium nitrite nt 
1.41 and n
y0 
 . 1.62 and n' is not greater than 1.422 in the case studied 
in this work. Therefore 8 cannot be greater than its value in the equa-
tion 
(1.422  sin e)2
+
(1.422 oos 8) 2 = 
(1.62) 2 	 (1.41)
2 
0.7705 sin% + 1.0171 oos 2e . 1 
cos
2
8 . 0.93068 
1 
cos 6 = 0.96472 
8 = 15.2° 
Similar calculations can be made for other possible orientations 
of the crystal. 
The magnitude of the absorption of a ray vibrating parallel to 
the face and perpendicular to the a axis would be equal to 
6 (V) 	sin28 eb (1?) 	cos28 Ee(--,)) 
where e b ?)) and c ()) are the absorption ooeffioients for electric 
vectors of frequency ✓ vibrating parallel to the b and o axes respectively. 
APPENDIX V 
WAVE-LENGTH MEASUREMENTS 
Since there was a disagreement between the wave-length of the 
absorption of sodium nitrite measured in this laboratory and that 
reported by Rodloff (37R) it was essential that the method be thoroughly 
reliable. The technique developed is simple and straight forward. It 
overcomes the two main difficulties encountered here, namely, correct 
identification of the calibration lines and the shift of the film or 
plates as it is moved from the position for the absorption to that for 
the calibration spectrum. 
To assure correct identification of the many lines of the iron 
spectrum the densitometer trace was fastened to a wall and the film 
placed in a projector and enlarged so there was a one-to-one correlation 
of the lines on the film and the lines of the trace. It is much easier 
to compare a photograph or projection of a spectrum to the ones recorded 
in wave-length tables than to try to pick out a certain line free: a trace. 
To check this assignment, after two suoh lines were tentatively identified, 
the number of angstroms per inch was determined and the wave-length of a 
number of prominent lines measured. These measured wave-lengths were 
then compared with values recorded in the M. I. T. Tables ("41 . 
The scale used was inches because the paper on which the trace was 
made was marked off in inches. An architect's scale with 50 divisions 
per inch was used to measure to a fraction of an inch. The error involved 
here was not more than 0.02 inch. 
93. 
To correct for any shift in the film in moving it for recording 
the next spectrum, the wave-length of one of the intense hydrogen 
emission lines was measured with the iron spectrum as a reference. Any 
difference found in this measured and reported wave-length is applied 
as a correction to the wave-length of the absorption spectrum. 
The following table summarizes the results of one such measure-
ment. The points given are chosen at random and are only a few of the 
ones checked. 
The difference of - 0.60 A was used to correct the absorption 
measurements made from spectrum 4-17 of this film. Similar techniques 
were used on all other spectra. 
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0.81 4291.356 A 4291.466 A 
1.18 4294.108 4294.128 
1.70 4297.976 4298.040 
1.87 4299.241 4299.241 
2.70 4305.415 4305455 
3.03 4307.870 4307.906 
3.22 4309.283 4309.380 
4.00 4315.085 4315.087 
54.5 4325.871 4325.765 
5.63 4327.210 4327.098 
6.98 4337.252 4337.049 
9.04 4352.575 4352.737 
11.05 4367.526 4367.582 
11.33 4369.609 4369.774 
12.18 4375.932 4375.932 
13.1.9 4383445 4383.547 
13.84 4388.280 4387.897 
13.97 4389.247 4388.411 
X7.52 4341.27 	A 4340.47 	A 
a
These measurements were made from Trace W1 of film W44 (lowest 
speed of densitometer). Iron lines were from spectrum Jill and H1 
from spectrum i17. The first two lines recorded in the table were 
used as calibration lines to give 7.4385 A per inch of scale. 0.00 




















- 0.80 A 
4341.07 (by interpolation) - 0.60 




Table 11. Absorption Maxima in the 3500 A Band of Crystalline 
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aWave-lengths in ( ) were interpolated from Rodloff's measure-
ments (37R). 
bFrequency, cm-1 , was taken from Keyser's tables (65K), as were 
all frequencies of this work. 
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Table 12. Eetimate of the Molecular Extinction Coefficient for a 









400 0.09 0.343 14.1 





370 0 30.6 
360 0,835 34.3 
350 0.851 35. 0 
340 0.812 33•4 
330 0.09 0.726 29.8 
320 0.12 0.624 26.0 
310 0.510 21.0 
300 0.02 18.2 
290 0.416 17.1 
280 0.409 16.8 
270 0.12 0.405 16.6 
260 0.17 0.413 17.0 
25o 0.467 19.2 
240 0.858 35.3 
230 1.42 58.4 
1.77 72.7 
220 0.17 1.70 ** 70. 
1.78 73 
210 0.75 1.82 75 
2.02 83 
200 2.00 1.50 62 
1.69 70 
202 2.00 1.83 75 
203 2.00 1.70 70 
1.85 76 
204 1.30 1.76 72 
1.84 76 
205 1.00 1.75 72 
1.88 77 
206 1.75 72 
1.94 80 
207 2,0 82 
1.98 81 
208 0.75 1.72 71 
1.95 80 
209 1.82 75 
2.00 82 
210 1.54 63 
2.00 82 
Table 12. (Concluded). 
Wave-length 	Slit Width 
































*The average thickness of the crystal was estimated to be eight 
microns by the interference method. With a density of 2.168 g/co this, 
gives a concentration of 31.14 moles/liter and a path length of 8 x 10 -4 
cm. e . DA x 1 
**The difference in optical density is believed to be due primarily 
to the fact that the crystal could not be positioned in exactly the same 
place for successive measurements. Measurements below 230 imp have little 
significance. 
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Table 13. Absorption Spectrum of Nitromethene 
Wave-length 
mp 
Optical Density, D 
Solution I 	I* II 
Extinction Coefficient, 
II* 	I (ave.) 	II (eve.) 
400 0.002 0.000 0.002 0.000 0.07 0.07 
390 0.002 0.003 0.001 0.002 0.07 0.03 
380 0.000 0.009 0.000 0.015 0.02 0.05 
370 0.005 0.038 0.006 0.048 0.15 0.18 
365 0.064 0.079 0.22 0.27 
360 0.009 0.098 0.013 0.119 0.28 0.42 
358 0.116 0.142 0.39 0.48 
356 0.136 0.165 0.46 0.56 
355 0.145 0.175 0.49 0.59 
354 0.160 0.188 0.54 0.64 
352 0.186 0.216 0.63 0.73 
350 0.020 0.208 0.027 0.246 0.69 0.87 
340 0.036 0.377 0.043 0.412 1.25 1.42 
330 0.059 0.590 0 . 067 0.643 1.99 2.21 
320 0.085 0.843 0.094 0.914 2.86 3.13 
310 0.112 1.128 0.130 1.25 3.80 4.32 
300 0.151 0.198 5.11 6.70 
290 0.20 0.313 8.12 10.60 
280 0.355 0.419 12.0 14.2 
278 0.368 0.451 12.4 15.2 
276 0.382 0.456 12.9 15.4 
275 0.385 0.457 13.0 15.8 
272 0.401 0.455 13.5 15.4 
270 0.05 0.455 13.7 15.3 
2E 0.399 0.450 13.5 15.2 
265 0.385 0.416 13.0 14.1 
26o 0.362 0.379 12.2 12.8 
250 0.266 0.262 9.0 8.8 
240 0.539 0.585 18.2 19.8 
230 )2 'P'2 >70 '70 
Solution I was 0.0296 mole/1. of nitromethane in 5 M E2so4  in 4C% 
ethyl alcohol-6086 water. 
Solution I* was 0.296 mole/1. of nitromethane in 5 M H2SO4  in 40% 
ethyl alcohol-60% water. 
Solution II was 0.0296 mole/l. of nitromethane in 95% ethyl alcohol. 
Solution II* was 0.296 mole/1. of nitromethane in 95% ethyl alcohol. 
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Table 14. Spectrum of Potassium Nitrate in Aqueous Solution* 
Wave-length Optioal Density Abs. Coef. 
6 




201 0.438 21900 4.3404 0.00002 1.95 
205 0.423 21100 4.3243 1.17 
208 0.391 19600 4.2923 0.82 
210 0.356 17600 4.2504 0.75 
215 0.266 13300 4.1239 0.50 
220 0.168 8400 3.9243 0.00002 0.50 
220 0.772 3860 3.5866 0.0002 0.344 
225 0.399 2000 3.3010 0.278 
230 0.184 920 2.9636 0.2)40 
235 0.085 430 2.6335 0.0002 0.207 
235 0 .745 372 2.5705 0.002 0.210 
236 0.510 255 2.4065 0.200 
238 0.336 168 2.2253 0.200 
240 0.232 116 2.0645 
242 0.156 78 1.8921 
24)1. 0.097 48.5 1.6857 0.200 
246 0.075 37.5 1.5740 0.150 
247 0.053 26.5 1.4232 0.150 
248 0.040 20.0 1.3010 0.002 0.145 
250 0.868 8.68 0.9385 0.100 0.165 
252 0.561 5.61 0.7490 0.149 
254 0.381 3.81 0.5809 0.142 
256 0.261 2.61 0.4166 0.138 
258 0.194 1.94 0.2878 0.133 
260 0.154 1.54 0.1875 0.130 
262 0.145 1.45 0.1614 0.125 
264 0.148 1.48 0.1703 0.122 
266 0.158 1.58 0.1987 0.121 
' .i0 0.196 1.96 0.2923 0.096 
275 0.274 2.74 0.4378 0.108 
280 0.350 3.50 0.5441 0.085 
283 0.453 4.53 0.6561 0.096 
290 0.580 5.80 0.7634 0.100 0.078 
295 0.659 6.59 0.8189 0.086 
300 0.700 7.00 0.8451 0.070 
301 0.727 7.27 0.8615 0.084 
302 0.729 7.29 0.8627 0.083 
303 0.717 7.17 0.8555 0.081 
305 0.705 7.05 0.8482 0.080 
310 0.620 6.20 0.7924 0.074 
315 0.499 4.99 0.6981 0.100 0.073 
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320 0.327 3.27 0.5145 0.100 0.068 
325 0.201 2.01 0,3032 0.100 0.070 
325 0.885 1.77 0.2)480 0.500 0.072 
330 0.450 0.900 1.9542 0.070 
335 0.206 0.412 17.6149 0 0.070 
340 0.092 0.184 1'.2648 0.070 
350 0.022 0.044 2.6435 0.500 0.070 
*Measurements made in this laboratory by Wu-ohieh Cheng (420. 
I 
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Scale on Trace 
Inches* 
Frequency Reported by 
Purkis and Thompson (45F) 
33680 
32788 
3218 31066 6.3 31104, 
3319 30120 8.6 30148 
3343 29120 11.3 29154 
3558 28098 14.2 28169 
3691 27085 17.3 27100 
3E44 26007 20.85 25582 
*These measurements were made from Trace 12 of Film 457. Curve 
#1 is photometered from spectrum 413 of that film--10 sec. exposure, 
100u slit, 120 mm. Hg pressure, 11.5 cm path length. Curve f2 is from 
spectrum 125-1 min. exposure, 100u slit, 45 mm. Hg pressure, 11.5 cm 
path length. Curve 43 is from spectrum 131-1 min. exmosure, 100u 
slit, 10 mm. Hg pressure, 11.5 cm path length. Curve 11-4 is from spec-
trum /9—iron arc with 30u slit. 
Calibration data: 3100,4 (doublet) = 3.59 inches 
	
3647.8 	 = 16.30 inches, 1 inch = 43.034 A 
3475.5 12.32 inches (cal°. 3475.6 A) 
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Table 16. Absorption Measurements on Ethyl Nitrite Solutions 
Wave-length 
	
Optical Density, D, of Solutions 
mp 
	




400 1.30 0.306 1.82 0. 110 
395 2.35 0.657 0.474 0. 287 
390 2 .50 0.843 0.65 0.36 
388 0.672 
386 0.692 
385 0.700 0.395 
382 0.742 
380 2.61 1.07 0.876 0.461 
378 1.04 
375 1.33 0.741 
374 1.42 0.791 0.642 0.629 
373 1.47 0.842 0.687 0.662 
372 1.52 0.890 0.721 0.682 
371 1.56 0.912 0.742 0.691 
37o 2.65 1.85 1.53 0.912 0.738 0.681 
369 1.48 0.878 0.704 0.651 
368 1.40 
367 1.32 0.738 
366 1.25 
365 1.23 0.677 
364 1.25 
363 1.32 0.727 
362 1.41 
361 1.50 0.812 
360 1.83 1.64 1.90 0.920 0.748 0.748 
359 1.72 1.00 0.830 0.807 
358 1.80 1.12 0.910 0.851 
357 1.79 1.16 0.941 0.848 
356 1.72 1.11 0.900 0.797 
355 1.63 1.02 0.814 0.729 
354 1.47 
352 1.22 0.695 
350 1.45 1.19 0.645 
349 1.25 
348 1.35 0.728 
347 1.49 0.813 
346 1.62 0.964 
345 1.63 1.05 
344 1.58 1.02 
342 1.23 0.763 
340 1.22 0.958 0 .537 
338 
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Table 16. (continued) 
Wave-length 	 Optical Density, D, of Solutions 
















328 0.336 0.251 
326 0.352 0.272 
325 0.699  
324 0.441 0.304 
323 0.448 
322 0.402 0.225 
320 0.295 0.194 
318 0.254 0.174 
316 0.271 0.186 
315 0.479 
3114 0.294 0.184 
312 0.258 0.167 
310 0.238 0.161 
308 0.247 
306 0.265 0.183 
305 0.307 
304 0.282 






Table 16. (continued) 
Wave-length 
sip 	lB 118 
Optical Density of Solutions 
III8 	IVB 	VB 	VIB VIIB VIIIB 
410 0.05 0.033 
400 0.100 0.086 0.077 
395 0.576 0.225 0.202 
390 0.788 0.484 0.431 0.305 
388 
386 
385 0.861 0.640 0.556 
382 1.03 
380 1.02 0.695 0.597 0.529 0.890 0.635 0.378 0.148 
378 1.23 0.794 
376 1.44 0 .930 1.23 0.840 
374 1.61 1.11 0.972 1.42 1.02 
372 1.72 1.24 1.09 0.950 1.50 1.11 0.634 0.228 
37 1 1.71 1.25 1.51 1.12 0.651 0.285 
370 1.72 1.29 1.12 0.982 1.50 1.12 0.642 0.282 
369 1.26 1.44 1.11 0.622 0.272 
368 1.60 1.24 1.07 0.933 1.37 1.68 
366 1.47 1.18 
365 0.972 0.849 1.24 1.00 
364 1.48 1.14 1.777 1.17 
362 1.62 1.19 
361 
360 1.81 1.32 1.13 0.703 0.284 
359 1.34 1.75 1.22 
358 2.00 1.43 1.22 1.68 1.78 1.27 0.788 0.305 
357 2.00 1.41 1.78 1.25 0.782 0.305 
356 1.91 1.42 1.20 1.72 1.21 0.742 0.294 
355 1.33 
354 1.68 1.32 1.16 1.48 1.11 
352 1.58 1.10 




346 1.63 1.05 0.641 0. 2Y) 
0.242 345 1.81 1.12 1.03 0.898 1.63 1.05 0.696 
344 1.57 1.02 0.649 0.232 
342 
340 0.862 
336 1.09 0.830 0.721 0.621 0.957 0.732 0.392 0.168 
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Table 16. (continued) 
Wave-length 
mkt IB II8 
Optioal Density of Solutions 





334 1.38 0.831 0.725 0.622 1.21 0.732 0.500 0.163 
333 0.808 
332 
330 0.669 0.800 0.593 0 .332 0 . 128 
328 0.781 0.583 0.507 0.443 0.690 0.517 
326 0.542 
325 0.465 0.410 
324 0.538 0.797 0.476 
323 0.865 0.450 0.393 0.765 0.462 
322 
320 g..1)441(6). 
318 0.593 0.388 0.343 0.308 0.528 0.357 
316 0.370 0.558 0.342 
315 
314 0.610 0.356 0.313 0.281 0.559 0.325 
312 0.340 0.512 0.311 





0.332 0.297 0.262 0.560 0.312 
300 0.390 0.344 0.306 0.683 0.361 0.288 0.072 
290 0.693 1.23 0.638 0.513 0.112 
280 2 1.23 1.03 0.218 
270 1.80 0.438 









mix 	VIA 	VA 	VB 	IIIA 	VIIA 	VIIB 	IB 





























































44.3 44.3 44.3 43.7 41.1 
47.6 47.1 45.3 43.2 
49.8 49.7 46.8 46.9 44.5 42.8 
51.2 51.0 47.1 48.1 45.1 45.8 
51.o 51.0 46.8 47.1 44.5 45.1 









51.8 51.6 50.3 48.7 49.6 
57.6 56.o 54.6 53.o 52.9 
62.9 62.7 55.5 55.5 55.5 55.5 
65.1 65.0 55.5 55.5 55.5 55.2 
62.2 62.1 53.7 53.o 51.9 52.3 








54.0 50.9 49.7 46.7 






























Molecular Extinction Coefficients 
mp 

































330 20.5 24.9 23.3 
328 17.4 18.9 21.5 21.7 
326 18.9 19.7 
325 21.5 
324 21.0 24.7 24.9 
323 23.9 23.9 
322 15.6 23.8 
320 13.4 16.5 
318 12.1 14.3 16.5 16.4 
316 12.8 15.2 17.4 
315 14.8 
314 12.7 16.5 17.5 17.0 
312 j . '.5 14.5 16.0 
310 11.2 13.4 
308 13.8 
306 12.6 14.9 
30r, 17.2 17.5 
304 15.8 
300 19.3 21.3 17.0 20.3 
295 30.8 36.2 
2t5 59.7 38.4 53.0 
Apparent Conc. .0145 0.0179 0.032 0.033 0.0145 0.0137 0.0367 
Estimate( 	Conc. .0265 0.0331 0,032 0.0662 0.0265 0.013 0.032 
107 
Table 16. (continued) 
Molecular Extinction Coefficients 










36.5 32.8 26.6 
37.2 





















15.3 13. 3 











380 	 19.7 
378 














372 	 34.8 
371 35.0 
37o 	 35.0 
369 34.8 
368 	 33.8 
36 6 




359 	 36.2 
358 39.7 
357 	 39.1 
356 37.8 
355 
354 	 34.7 
350 30.0 
347 
346 	 32.8 
345 32.8 





























Table 16. (concluded) 
Wave-length 
mp VIB 
Molecular Extinction Coefficients 












314 10.2 9.9 9.4 8.5 
312 9.7 9.4 
310 9.0 8.6 7.8 
305 9.8 9.2 8.9 7.9 
300 11.3 10.8 9.3 10.4 9.2 
290 19.9 19.2 14.6 
280 38.4 28.4 
Apparent conc. 0.032 0.036 0.0077 0.033 0.033 
Estimated conc. 0.032 0.032 0.013 0.029 0.029 
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Scale on Scale 
Inches* 
Frequency Reported by 
Purkis and Thompson (45P) 
3147.3 31764 7.60 32072 
3235.1 30802 9.65 31133 
3340.0 29932 12.10 30139 
3446.1 29010 14.58 29180 
3541.0 28231 16.8 28169 
3652.5 27371 19.4 27130 
3828.0 26116 23.5 26062 
*These measurements were made from Trace #1 of Film 456. Curve 44 
is photometered from spectrum #10 of that film--1 hr. exposure, 300p 
slit, 50p path length, at 70° absolute. Curve f2 is from spectrum #15--
10 min. exposure - same as above. Curve W3 is from spectrum #28--iron 
arc with 30p slit. 
Calibration data: 3057.4)4 A = 5.50 inches on Trace. 
3930.299 A = 25.89 inches on Trace, 1 inch = 42.8079 A 
3225.8 A = 9.43 (calc. 3225.7) 
3687.5 A = 20.21 (calc. 3687.2) 
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cm 1  




400 24993 0.042 0.84 0.056 1.12 0. 075mm 
395 25309 0.099 1.98 0.257 5.14 
390 25634 0.199 3.98 0.940 18.80 
386 25900 1.29 25.86 
385 25967 0.344 6.88 1.28 25.60 
380 26308 0.511 10.22 1.08 21.60 
375 26659 0.760 15.20 1.60 32.00 
37 1 26947 1.97 39.36 
370 27019 0.930 18.60 1.95 39.00 
365 27389 1.09 21.80 1.60 32.00 
360 27770 1.20 24.00 1.90 38.00 
358 28005 2.05 41.00 
355 28161 1.24 24.80 1.90 38.00 
350 28563 1.22 24.40 1.58 31.60 
348 28728 1.64 32.80 
345 28977 1.14 22.80 1.58 31.60 
340 29403 1.03 20.60 1.15 23.00 
338 29579 0.97 19.40 
337 29666 1.05 20.90 
335 29842 0.902 16.04 1.03 20.06 













3 15 31737 0.549 10.96 0.315 6.30 
310 32249 0.514 10.28 0.227 4.54 0.10mm 
305 32777 0.491 9.62 0.170 3.40 
300 33324 0.481 9.62 0.126 2.52 
295 33888 0.472 9.44 0.101 2.02 
290 34473 0.468 9.36 0.092 1.84 
285 35077 0.456 9.16 0.094 1.88 
280 35704 0.439 8.78 0.124 2.48 
275 36353 0.415 8.30 0.182 3.64 
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Table 18. (concluded) 
Wave-length 	Frequency 	Basic Solution 	Aoidic Solution 	Slit 
nip 	 om 1- 	 Width 
270 37026 0.385 7.70 0.308 6.16 o.10 min 
265 37725 0.354 7.08 0.507 10.14 



















235 425140 904 
230 43465 2167 
225 1 1 1 1431 3800 
220 4%110 5080 
215 46497 610 1.0 
210 1476014 7160 
205 48765 7480 
200 49735 7460 
Measurements made in this laboratory by Wu-chieh Cheng (42C). 
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A 3840  26034 
B 3680 27166 
C 3541 28232 
D 3417 29257 
B 3306 30239 
F 3206 31182 
0 31) J 32103 
H 3030 (1) 32994 
Table 20. Absorption Maxima of Nitrosyl Chloride after Goodeve and 
Katz (48G) 
Designation 	Wave-length 	Frequency 	Molecular Extinction 










1970 	 50800 	 255o 
3350 29900 32.5 
4400 	 22720 	 5.0 
4750 21050 5.3 
5385 	 18570 	 0.73 (?) 
5495 18200 0.65 
5612 	 17820 	 0.37 
5879 17010 0.53 
6017 	 16620 	 0.94 
6158 16240 0.69 
6431 	 15550 	 0.17 (i) 
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Table 21. Principal Maxima and Minima of Ozone at 18 °C 











3130 31940 16.8 4205 23775 0.964 
3135 31889 17.9 4260 23468 1.86 
3151 31727 12.7 4285 23331 1.72 
3154 31697 14.1 4299 23255 1.63 
3167 31567 10.1 4.348 22993 2,46 
3176 37.477 10.2 4362 22919 2.13 
3190 31339 6.9 4393 22757 3.00 
3200 31241 8.7 4431 22562 4,15 
3216 31086 4.8 4472 22355 3.56 
322o 31047 6.7 4516 22137 5.22 
3239 30865 3.14 4551 21967 5.06 
3248  30779 5.02 4620 21639 11.0 
3269 30582 2.06 4667 21421 8.84 
3279 30488 3.65 4710 21226 11.6 
3299 30304 1.26 4731 21131 10.9 
3312 30185 2.42 4831 20694 23.3 
3328 30039 0.78 4874 20511 20.9 
3338 29949 1.73 5060 19757 45.0 
3357 29780 0.45 5118 19533 40.3 
3372 29648 1.04 5340 18721 72.8 
3391 29481 0.314 5365 18634 71.5 
3401 29 395 0.627 5754 17 374 125 
3426 29130 0.166 5872 17025 113 
3439 29070 0.340 6019 16609 133 
3466 28643 0.105 6220 16073 99 
3472 26794 0.136 6335 15781 85.2 
3469 28653 0.061 6418 15577 74.2 
3493 28621 0.095 6500 15380 64.o 
3506 28514 0.053 6634 15070 51.7 
3514 28449 0.101 6777 14752 37.6 
3561 28074 0.015 6876 14539 30.9 
3567 28027 0.030 7036 14209 22.4 
3588 27863 0.012 7207 13872 17.0 
3594 27816 0.018 
APPENDIX VII 
1HLRMODYNAMIC CALCULATION OF CHARGE TRANSFER ENERGY 
The transfer of an electron from a nitrite ion to a sodium ion in 
crystalline sodium nitrite or to a solvent molecule could be responsible 
for absorption of radiation. The process might be described by an equa-
tion (26F, 56R) 
(Na+ + NO2 ) (solid) 	Na 




where Na and NO
2 
indicate molecules in an excited state. The energy 
process 
(Na + NO_) 
e 	(solid) 	
Na (gas ) + NO2 (gas) 
	
(2 ) 
may be calculated from known thermodynamic values. Similar equations 










and e 	represent the radical in its excited state unsolvated 
and e
- * 




+ 2 o f 	 No  11°2(gas) 	H (gas) 	OH (aqueous) 	(4) 
may be determined from heats of formation. The energy of the processes 






(gas) + ®- + H2O( liquid) kl id) NO
2 (gas) + H(gas) + OH 
(aqueous) 
is not known. Excited states of Na and NO
2 
suggest that it might be in 
the neighborhood of 10,000 to 15,000 cm -1 above the energies for the 
thermodynamic process. The following table lists a number of nitrites 
and nitrates and the calculated energies for processes like (2) and (14). 
These may be considered as a lower limit for the energy of the charge 
transfer. Higher energies would mean that the wave-length for the 
oharge transfer absorption would be found from 300 to 800 A below that 
indicated in Table 22. 






CatNO2 ) 2 
 Sr(NO2 ) 2




NO A (aqueous) 
MgfN0A ) 2 
 Ca(NO3)0 
Sr(NOp 
Ba(NO 3 ) 2 






























Process (2) is (be + NOD ---+M
gas + NO" /
ga 	
and process (14) 
k is NO2 (aqueous) + H2O (liquid) ---" NO 2 (gas) + (gas) OH- (aqueous)• 
Column A gives the value for the energy in terms of the wave- 
length of the radiation needed to exoite it, calculated from data listed 

















Ca (saa)  
3r (gas) 
Ba (gas) 


























Table 23. Heat of Formation at 25°C From National Bureau of Standards 
Table (66R) 
Substance Ho 
Ca(NO2 ) 2 -178.3 kcal/mole 
Sr(m02 ) 2 -179.3 





































CORRELATION OF REFRACTIVE INDEX AND POLARIZATION 
The difference in the refractive indices of crystalline sodium 
nitrite is caused by the electronic transitions which absorb radiation 
polarized along different axes. It is true in general that the refractive 
index of a substance increases as the frequency of the radiation approaches 
an absorption band. Using the Heisenberg-Kramer formula iiulliken (67M) 
derives the relationship 
n-1 = (0 211/2nma2) L f A7-2 2 - p 2 ), 
where n is the refractive index, N is the number of molecules per cubic 
centimeter, f ij is the mean oscillator strength for the transition 
P is the frequency of the radiation for which n is measured and 7-) ij is 
the frequency of the radiation inducing the transition. If it is assumed 
that the refractive index along the a axis (n 4 ) is due primarily to the 
absorption band at 3500 A (it is polarized along the a axis) and the re-
fractive index along the b axis (n ä ) is due primarily to the band at 
2050 A (it is polarized along the b axis), then it is possible to pre-
dict the relative intensity of these two bands. 
- 1) (2 arn0 2,4210 	 2) f3500 _ 	 / k i500  
f2050 	(n - 1) (2 w mo2/e2N) (v 2050 
- v 2 ) 
where n,„ = 1.35 
n = 1.62 
7) 
3500 
--' 30,000 ern -1 
lie 
3.) 205 0 — 50,000 om-1 




This is approximately the ratio of the estimated intensities for the 
crystal (Chapter IV, p. 40), but for the solution the ratio is nearer 
to 000 (the ratio of Ail) for each band was estimated by plotting the 
absorption curves and weighing the paper between the abscissa and the 
curves). This result gives added support to the assignment by Friedman 
(26F) that this band in solution is due (at least in part) to an electron 
transfer process. 
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Electronic Transitions in the Nitrite Ion 
WILLIAM G. TRAWIEIC AND W. H. EBERHARDT 
School of Chemistry, Georgia Institute of Technology, Atlanta, Georgia 
(Received June 14, 1954) 
A STUDY of the polarized ultraviolet absorption spectra of single crystals of sodium nitrite at liquid nitrogen tempera-
ture has yielded the following information : 
1. The absorption hand with maximum around 3500A appears 
to have an origin at 3851.4A and is polarized in the a direction of 
the crystal, i.e., perpendicular to the plane of the nitrite ion' 
This absorption is believed to be due to a transition in which one 
of the unshared electrons on the nitrogen atom is raised to an 
antibonding it orbital of the ion (n . This assignment is 
consistent with the fact that this hand is absent in the nitroalkyls, 
nitryl chloride, and the nitrate ion where the corresponding 
electrons on the nitrogen are shared with other atoms and hence 
stabilized. We have also found the band to be absent in crystalline 
silver nitrite where the crystal structure is similar, but the 
internuclear distances' and chemical properties suggest a weak 
electron-pair bond between the silver ion and the nitrogen of the 
nitrite ion. However, absorption in this region is present in nitrous 
acid and the alkyl nitrites both in solution and in the gas. 
2. On the basis of some incomplete measurements, the 2050A 
hand appears to be polarized in the c direction, i.e., in the plane 
of the ion and perpendicular to the C, axis of the ion. It is assigned 
as a tr—>7r* transition and is comparable to the strong hands in 
the nitrate ion, NO,, NO 2C1, the nitroalkyls, and alkyl nitrites at 
approximately the same place in the spectrum. 
3. The absorption band that is found about 3100A in the 
nitrate ion, NO2C1, nitric acid, and the nitroalkyls and which 
McConnell' believes to he an n--tr* transition appears in the 
alkaline nitrite ion solution also at about 3000A. In the crystal at 
liquid nitrogen temperature we find a weaker absorption in this 
region polarized in the a direction which at room temperature 
gives the effect of broadening the 3600A hand. We ascribe this 
band to a transition in which one of the nonbonding oxygen 
electrons jumps to the antilionding tr orbital of the ion, i.e., 
?to- r5 . This assignment is based on the difference in valence 
state ionization potentials of oxygen and nitrogen which suggests 
a displacement of the order of one electron volt (or about 800A) 
to the blue from the tz,v---tr * band. Such a calculation is only a 
crude estimate at best, but the direction and order of magnitude 
suggested seem significant. In addition an appreciable difference 
is found between neutral and acidified solutions of ethyl nitrite 
in water-ethanol mixtures in the vicinity of 3100-3400A where 
certain maxima in neutral solutions are greatly weakened in 
acidic solutions. Maxima above 3400A which are attributed to 
the np.,—,r5 transitions are not as strongly affected by such a 
change in acidity. 
A more detailed report of this study and its significance in the 
interpretation of the electronic spectra of other triatomic molecules 
will be presented in the near future. 
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